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NOVEL CYCLOALKYL SUBSTITUTED IMIDAZOLES 

This invention relates to a novel group of imidazole compounds, processes for the 
preparation thereof, the use thereof in treating cytokine mediated diseases and 
pharmaceutical compositions for use in such therapy. 



BACKGROUND OF THE INfVENTTON 

Interleukin'l (IL-1) and Tumor Necrosis Factor (TNF) are biological substances 
produced by a variety of ceils, such as monocytes or macrophages. IL-1 has been 

10 demonstrated to mediate a variety of biological activities thought to be important in 
immunoregulation and other physiological conditions such as inflammation [Sec, e.g., 
DinareMo et al., Rev. MkI. T>\m!^r. 6> 51 (1984)]. The myriad of known biological 
activities of IL-1 include the activation of T he^ ceUs, induction of fever, stimulation of 
prostaglan d in or ccdlag^iase production, neutrophil chemotaxis, induction of acute phase 

IS proteins and the suppression of plasma inm levels. 

There arc many disease states in which excessive or unregulated IL-1 production is 
inq)Ucated in exaceibating and/or causing the disease. These include rtieumatoid arthritis, 
osteoarthritis, endotoxemia and/or toxic shock syndrome, other acute or chronic 
infl a mmato ry disease states such as the inflammatory reaction induced by endotoxin or 

20 infl a mm a to ry bowel disease; tubaculosis, atherosclerosis, muscle degeneration, cachexia, 
psoriatic arthritis, Reiter's syndrome, rheumatoid arthritis, gout, traumatic arthritis, rubella 
arthritis, and acute synovitis. Recent evidence also links IL«1 activity to diabetes and 
pancreatic B cells. 

Dinarello, J, Oliuaa Imnmnffiogy S (5), 287-297 (1985), reviews the biological 
25 activities which have been attributed to IL-L It should be noted that some of these effects 
have been described by odiers as indirect effects of IL-1. 

Excessive or unregulated TNF production has been iII^>licated in mediadng or 
exacerbating a number of diseases including rijcumatoid arthritis, rheumatoid spondylitis, 
osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, septic shock, endotoxic 
30 shock, gram negative sepsis, toxic shock syndrome, adult respiratory distress syndrome, 
cerebral malaria, chronic puhnonary inflammatory disease, silicosis, pulmonary sarcoisosis, 
bone resorption diseases, reperfusion injury, graft vs. host reaction, allograft rejections, 
fever and myalgias due to infection, such as influenza, cachexia secondary to infection or 
malignancy, cachexia, secondary to acquired unmune deficiwicy syndrome (AIDS), AIDS, 
35 ARC (AIDS related con^lcx), kelcHd formation, scar tissue formation, Crohn's disease, 
ulcerative colitis, or pyresis. 
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AIDS results from the infection of T lymphocytes with Human Immunodeficiency 
Virus (HIV). At least three types or strains of HIV have been identified, Le., HIV- 1 , HIV- 
2 and HIV-3. As a consequence of HIV infection, T-ceU mediated immunity is impaired 
and infected individuals manifest severe opportunistic infections and/or unusual neoplasms. 
5 HIV entry into the Tlyn^bocyte requires T lymphocyte activation. Other viruses, such as 
HTV- 1 , HrV-2 infect T lymphocytes after T Cell activation and such vims protein 
eaqnession and/or replication is niediatedwinaintainedl^ such T cell activaticm. Oncean 
activated T lymphocyte is mfected with HIV, the T lymphocyte must cominue to 
maintained in an activated state to pennit HIV gene expression and/or HIV replicatioiL 

10 Monddnes, specifically TNF, are implicated in activated T-cell mediated HIV protdn 
exprcssicMJ and/or virus replication by playing a role in maintaining T lymphocyte 
activation. Therefore, interference with monokine activity such as by inhibition of 
monokine production, notably TNF, in an HIV-infected individual aids in limiting tbe 
m ai ntwi a n nr of T cell activatim, tber^ reducing tbe progression of HIV infcctivity to 

15 previously uninfected cells wMch results in a slowing or elimination of the progression of 
immune cty^imction caused by HIV infection. Monocytes, macrophages, and related cells, 
such as kupfifer and glial cells, have also been impUcated in maintenance of the HIV 
mfectiiML These cells, like T-cells. are targets for vital replication and die level of viral 
replication is dqiendoit upon tiie activation state of die odls. Mraiokines, such as TNF. 

20 have been shown to activate HIV replication in monocytes and/or macrophages [See Poll. £t 
aL, Proc. Nad. Acad. Sci., 87:782-784 (1990)), diereforc, inhibition of monokine 
production or activity aids in limiting HIV progression as stated above for T-cells. 

TNF has also been implicated in various roles widi otiier viral infections, such as die 

cytoinegalo vim (CNfV), influenza virus, and die herpes virus fOT siinilar reasons as diose 
25 iKMed. 

Interieukin-8 (IL-8) is a chemotactic factor first identified and characterized in 
1987. IL-8 is produced by several cell 9pes including mooonndearcdls, fibroblasts, 
endothelial cells, and keiatiiiocytes. Its production fiom endodielial cdls is indnced by 
IL-l,TNF,orlipopolysachharide(LPS). Haman IL-8 has been shown to act on Mouse, 
30 Guinea Pig. Rat, and Rabbit Neutrophils. Many diffei«nt names have been applied to IL-8, 
such as neutnq)hil attractant/activation protein-l (NAP-1), monocyte derived neutrqihil 
chemotactic factor (MDNCF), neutrophil activating factor (NAF), and T-cell lyn^hocyte 
chemotactic factor. 

IL-8 stimulates a number of functions in vitro. It has beai shown to have 
35 chemoattractam properties for neutroiriuls,T-lyn9hocytes, and basophils. In addition it 
induces histamine release ftom basqihils firom bodi normal and atopic individuals as well 
as lysozomalen^rme release and respiratory burst from neutrophils. IL-8 has also been 

-2- 
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shown to increase the surface expression of Mac-1 (CDl lb/CD18) on neutrophils without 
de novo i^otein synthesis, this may contribute to increased adhesion of the neutrophils to 
vascular endothelial cells. Many diseases are characterized by massive neutrophil 
infiltration. Conditions associated with an mcreased in IL-8 production (which is 
S responsible for chemotaxis of neutrt^hil into the inflanmiatory site) would benefit by 
compounds which are suppressive of ILr8 pnxluction. 

1 and TNF affect a wide variety of cells and tissues and these cytokines as well 
as other leukocyte derived cytokines are impcMtant and critical inflammatory mediators of a 
wide variety of disease states and conditions. The inhibition of these cytokines is of benefit 
10 in omtrolling, reducing and alleviating many of these disease states. 

There remains a need for treatment, in this field, for compounds which are cytokine 
suppressive anti-i nfl a mm atory drugs, i.e. compounds which are capable of inhibiting 
cytokines, such as IL-1, IL-6, IL>8 and TNF. 

IS SUMMARY QF THE INVKNTTON 

This invention relates to the novel compotmds of Formula (I) and pharmaceutical 
compositions conqnising a conopound of Fonnula (I) and a [diarmaceutically accqytable 
diluent or carrier. 

This invention relates to a method of treating a CSBP/RK/p38 kinase mediated 
20 disease, in a manunal in need thereof, which conqjrises administering to said mammal an 
effective amount of a conqx>und of Formula (I). 

This invention also relates to a method of inhibiting cytokines and die treatment of a 
cytokine mediated disease, in a mammal in need thereof, which conq>rises administering to 
said marmiial an effective ainount of a compound of Formula (I). 
25 This inventicm more spedfically relates to a method of inhibiting the production of 

IL^l in a inammal in need thereof which conq)rises administraing to said mammal an 
effective ainount of a conqxnmd of Fonnula (I). 

This invention more specifically relates to a method of mhibiting the jmdiurtion of 
n:.-8inamammal in need thereof which comprises administering to said mainmal an 
30 effective anuHmt of a coiiqx>und of Formula (I). 

This invaition more specificaUy relates to a method of inhibiting the production of 
TNF in a mammal in need thereof which conqwiscs administering to said mammal an 
effective amount of a compound of Fonnula (I). 

Accordingly, the present invention provides for a compound of the fonnula : 
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wherein 

Rl is 4-pyridyl, pyrimidinyl. quinolyl^ isoquinolinyl, quinazolin-4-yl, l-imidazolyl or 

l-benzimidazolyl. which ring is substituted with a C1-4 alkoxy or a Cm alkylthio 

5 gnnip, and is additicmally optionally substituted independently by C1-4 alkyl halogen, 

hydroxy!. Cm alkoxy, Ci^ alkylthio. Cm alkylsulfinyl. CH20Ri2, amino, mono 

and di- Ci^ alkyl substimted amino. N(Rio)C(0)Rc or an N-heicn)cyclyl ring which 

ring has from 5 to 7 members and optionally contains an aH^j yional heteioatom selectgd 
from oxygen, sulfur or NRis; 

10 R4 is phenyl, naphth-l-yl or n^hth-2-yl. or a heteroaiyl. ijrfiich is optionally substimted by 
one or two substiturats, each of which is independently selected, and which, for a 
4-phenyl. 4-n^hth-l-yl. 5-naphth-2-yl or 6-n^th-2-yl substituent. is halogen, cyano, 
nitro. -C(Z)NR7Rl7. -C(Z)ORi6. -(CRioR20)vCORi2, -SR5. -SOR5. -ORl2» halo- 
substituted<:M alkyl. Ci^ alkyl. ^ZC(Z)Ri2. -NRl0C(Z)Ri6. or - 
IS (CRloR20)vNRioR20 and which, for other positions of substitution, is halogen, cyano. 
-C(Z)NRi3Rl4* -C(Z)OR3, -(CRi6R20)m"CQR3. -S(0)niR3, -ORs. halo-substituted- 
Cm alkyU -Ci^ alkyl. -(CRioR20)m"NRioC(Z)R3. -NRl0S(O)m'R8. 
.NR|0S(O)m'NR7Rl7. •ZC(Z)R3 or -(CRioR20)m"NRi3Rl4; 
V is 0. or an integer having a value of 1 or 2; 
20 mis0.ortbeinteger 1 or2; 

m* is an integer having a value of 1 or 2. 

m" is 0. or an integer having a value of 1 to 5; 

Rc is hydrogen. Ci-6 alkyl. C3.7 cycloalkyl, aryl, arylCi^ alkyl, bcteroaryU 

heterciafylCi.4alkyl, hetoocyclyl. or heterocyclylCi.4alkyl Cm alkyl. aU of which 
25 may be optionally substituted; 

R2 is an optionally substituted C3.7 cycloalkyl. or C3-7cycloalkylCi-io alkyl; 
R3 is heterocyclyl. heterocyclylCi.io alkyl or Rg; 

RS is hydrogen. Cm alkyl. C2^ alkenyl. C2^ alkynyl or NR7R17. excluding die moieties 
-SR5 being -SNR7R17 and -SOR5 being -SOH; 
30 R7 and R17 is each independently selected from hydrogen w CM alkyl or R7 and Rn 

together with the nitrogen to which they are attached form a heterocyclic ring of S to 7 
members which ring optionally contains an additional heteroatom selected firom 
oxygen, sulfur or NR15; 
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Rg is Cmo alkyl, balo-substitutBd Ci-io alkyl, C2-10 alkcnyl, C2-10 alkynyl, C3.7 
cydoalkyl, C5.7 cycloalkenyl, aiyl, aiylCi-io alkyl, hetwoaiyl. heteroaiylCi-io alkyl. 
{CRioR20)nORi I, (CRioR20)nS(0)niRl8. (CRl0R20)iiNHS(O)2Rl8, 
(CRioR20)nNRi3Rl4; whoein the aiyl. aiylalkyl. heteioafyl, heteioaryl alkyl may be 
5 optioaally substituted; 

n is an integer having a value of 1 to 10; 

R9 is hydrogen, -C(^Ri 1 or <^tional]y substituted Ci-io alkyl, S(0)2Rl8, optimally 

substituted aiyl or optionally substituted aiyl-C] ^ alkyl; 
RlO and R20 is each indqiaidendy selected firom hydrogen or Cm alkyl; 
Rl 1 is l^diQgen, or Rig; 
R12 is hydrogen or R15; 

Rl3 and R14 is each independoidy selected from hydrogen or optionalty substituted C1-4 
alkyl, optionally sid>stitDted aiyl w opticmally substituted aiyl-Ci^ alkyl, or togedm- 
withdie nitn^ which diey are attached fwm aheteiocydic ring of 5 to 7 mcanbos 
which ring cqMionally contains an addidcmal hetooaunn selected fimn oxygen, sulfur or 
NR9; 

Rl5 is hydrogen. Cm allqrl or C(Z)-Cm alkyl; 
RI6 is Cm alkyl, halo-substituted-CM alkyl. or C3.7 cycloalkyl; 
RI8 is Ci-io alkyl, C3-7 cycloalkyl, heterocyclyl, aiyl. aiylCi-io alkyl, heterocyclyl. 

hetoocydyl-Ci-ioalkyl. heteroaiyl or heteioaiylalkyl; 
Z is oxygen or sulfur; 

or a phaimaceotically acceptable salt thereof. 

PETAn JRD OFSCRIPTION O F THR INVRhmnM 

The novel conipoonds of Fonnula (I) nu^ also be used in association with the 
veterinary treatmoit of mammals, odier than humans, in need of inhibition of cytddne 
inhibition or production. In particular, cytokine mediated diseases for treatment, 
dierapeutically or iHophylactically, in animals include disease states such as those noted 
herein in the Mediods of Treatment section, but in particular viral infections. Examples of 
such viruses include, but are not limited to, lentivirus infections such as, equine infectious 
anaemia virus, caprine arthritis viius, visna vims, or maedi vims or retrovirus infections, 
such as but not limited to feline ummmoddSciency virus (FIV), bovine immunodeficiency 
virus, or canine immunodefiden^ virus or otho^ retroviral infections. 

In Fonnula (I), suitable Ri mc»eties includes 4-pyridyl, 4^>yrimidinyl. 4-quinotyl. 
6.isoquinolinyl, 4-quinazolinyl, l-imidazolyl and l-benzimidazolyl. of which die 4-pyridyl, 
4-pyriniidinyl and 4-quinolyl are prefened. More preferred is a substitiited 4-pyrimidinyl 
or substiuited 4-pyridyl moiety, and most prefened is a substituted 4-pyrimidinyl ring. 

-5- 
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The Ri moieties are substituted at least one time by a Cm alkoxy or Ci.4allcylthio moiety. 
A prefened ring placement of the Ri substituent on the 4-pyridyl derivative is the 2- 
position. such as 2-methoxy-4-pyridyl. A prefened ring placement on the 4-pyrimidinyl 
ringisals at the 2-positiozi, such as in 2-methoxy-pyrimidinyl. 
5 Suitable additional substituents for the Ri heteioaiyl rings arc Cm alkyl, halo. OH, 

Cm alkoxy. C1-4 alkylthio, Cm alkylsulfinyl. CH2OR12, amino, mono and di-Ci^ 
alkyl substituted amino. N(Rio)C(0)Rc. or an N-hetcrocyclyl ring which ring has fiom 5 
to 7 members and optionaUy contains an additional hetcroatom selected from oxygen, 
sulfur or NR15. The alkyl group in die mono- and di-Ci-6 alkylsubstimted moiety may be 
10 halo substituted, such as in trifluoro- i.e., trifluoramethyl or trifluorocthyl. 

When the Ri optional substituent is N(Rio)C(0) Rc, wherein Rc is hydrogen. C1.6 
alkyl. C3.7 cycloalkyl. aiyl. aiylCM alkyl. heteroaryl. heteroarylCi^yl, heterocyclyl. or 
hetcrocycJylCi.4alkyl Cm alkyl. Rc is preferably Ci^ alkyl; preferably Rio is hydrogen, 
b is also recognized that the Rc moieties, in paiticular the Ci-6 alkyl group ma^ 

15 optionaUy substituted, prefoably from one to three times as defined herem^ PreferablyRc 
is Ci-6 alkyl substituted with halogen, such as fluorine, as m triflu<noiiietfayl or 
trifluToethyl. 

Suitably, R4 is ptenyl, n^hth-l-yl ot n^hth-2-yl. or a hetcroaiyl. which is 
optionally substituted by one or two substituents. More preferably R4 is a phenyl or 

20 n^htbyl ring. Suitable substitutions for R4 when this is a 4-phenyl, 4-naphth-l-yl. 
S-naphth-2-yl or 6-naphth-2-yl moiety are one or two substituents each of which are 
independent^ selected from halogen. ^Rs, -SORs, -OR12, CF3. or 
-(CRioR20)vNRloR20> and for other positions of substitution on these rings prefened 
substitution is halogen. -S(0)niR3. -OR3, CF3. -(CRioR2o)m"NRi3Rl4, -NRioC(Z)R3 

25 and -NRioS(0)in'R8- Rrefened substituents for the 4-position in phenyl and naphth-l-yl 
and on the 5-position in naphth-2-yl include halogen, eqiectally fluoro and diloro. and 
•SR5 and -SOR5 wherein R5 is preferably a C1.2 alkyl. more preferably m^yl; of which 
the fluoro and chloro is more preferred, and most especially preferred is fluoro. Prefened 
substituents for die 3-position in phenyl and naphtii-l-yl rings include: halogen, especially 

30 fluoro and chloro; -OR3. especiaUy Cm alkoxy; CF3. NRioR2a such as amino; 
-NRioC(Z)R3, especiaUy -NHCOCCmo alkyl); -NRloS(OWR8, cspeciaUy 
-NHSC)2(Cmo alkyl); and -SR3 and -SOR3 wherein R3 is preferably a C1.2 alkyl. more 
preferably methyl. When the phenyl ring is disubstituted preferably it is two independent 
halc^en moieties, such as fluoro and chloro. preferably di-chloro and more preferably in the 

35 3. 4-position. It is also prefened that for die 3-position of botfi die -OR3 and -ZC(Z)R3 
moieties. R3 may also include hydrogen. 
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Prefeiably, the R4 moiety is an imsubstituted r substituted phenyl moiety. More 
ptefeiably, R4 is phenyl or phenyl substituted at the 4-po5ition with fluoio and/or 
substituted at the 3-position with fluoro, chloro, Ci-4 alkoxy, methane-sulfonamido or 
acetamido, or R4 is a phenyl di-substituted at the 3,4-position independently with chloio or 
S fluoro« more preferably chl ro. Most {veferably, R4 is 4-fluorophMyl. 
In Formula (I), Z is suitably oxygen or sulfur. 

Suitably, R2 is an optionally substituted C3.7cycloalkyl, or an optionally substituted 
C3-7cycloalkyl Cmo alkyl. Preferably R2 is a Cs-Tcycloalkyl, of which die cycloalkyl 
group is prefwably a 04.7 ring, more prcfOTibly a C4 or C6 ring, most preferably a Ce 

10 ling, which ring is optionally substituted. 

The R2 moieQr, i^. the C3>7cycloaIkyI ring may substidited one to three times 
indepmdently by halogen, such as fluorine, chlorine, bromine or iodine; hydroxy; Ci-io 
alkoxy, such as metboxy or ethoxy; S(0)in alkyl, whoein m is 0, 1 , or 2, such as methyl 
thio, methylsulfinyl or methyl sulfonyl; S(0)m aryl; cyano; nitro; amino, mono & di- 

15 substituted ammo, such as in the NR7R17 group, wherein R7 and Rn are as defined in 
Formula (I); or where the R7R17 may cyclize together with the nitrogen to which they are 
attached to form a S to 7 membeied ring which optionally includes an additional 
heteroatom selected from oxygen, sulfur or NR15 (R15 is as defined for Formula (I)); 
N(Ri0)C(O)Xi (Rio is as defined for Fcmnula (t), and Xi is Ci^ alkyl, aryl or 

20 arylCi.4aIkyl); N(Ri0)C(O) aiyl ; Ci-io alkyl, such as methyl, ethyl, propyl, isopropyl, or 
t-butyl; optionally substituted all^l whmin the substituents are halogen, (such as CF^), 
hydroxy, nitro, cyano, amino, mono & di-substituted amino, such as in the NR7R17 group, 
S(0)m alkyl and S(0)m aiyl, wherein m is 0, 1 or 2; optionally substituted Ci-ioall^lrae, 
such as ethylene or propylene; optionally substituted Ci.io alkyne, sudi as acetylae 

25 (ethynyl) or 1-propynyl; C(0)ORi 1 (wherein Ri 1 is as defined in Formula (I)), such as the 
free add or methyl ester derivative; the group Ra; -C(0)H; =0; =N-ORi 1; .N(H)-OH (or 
substituted alkyl or aryl derivatives thereof on the nitrogen or the oxime moiety); 
-N(0Rb)-C(0)-R6; oxirane; an optionally substituted aryl, such as phenyl; an optionally 
substituted aiylCi.4alkyl, such as benzyl or phenethyl; an optionally substituted 

30 heterocycle or heterocyclic Ci-4alkyl, and further all of these aryl, aiylalkyl, heterocyclic, 
and heterocyclic alkyl moieties recited herein may be optionally substituted one to two 
times by halogen, hydroxy, Cmo alkoxy, S(0)ni alkyl, cyano. nitro, amino, mono & di- 
substimted amino, such as in the NR7R17 group, an alkyl, halosubstituted ali^l. 

Suitably Ra is a 13-dioxyalkylene groi^ of the formula -CHCH2)s-0-. wherein s is 

35 1 to 3, preferably s is 2 yielding a l,3Kiioxyethylaie moiety. 

Suitably Rb is hydrogen, a {diarmaceutically acceptable cation, aroyl or a Ci-io 
alkanoyl group. 
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Suitably R6 is NR19R21; allcyl 1^ halosuhstituted alkyl 1.6; hydroxy substituted 
alkyl 1-6; alkwiyl 2-6; aryl or heteroaiyl optionally substituted by halogen, alkyl 
halosuhstituted alkyl I-6. hydroxyl. or alk xy i-g. 
Suitably R19 is H or alkyli^, 
5 Suitably R21 is alkyli^. aiyU benzyl, heteroaiyl. alkyl substituted by halogen or 

hydroxy!, or phenyl substituted by a member selected ftom the group consisting of halo, 
cyano, alkyli.12, alkoxy 1^, halosuhstituted alkyli-6, alkylthio, alkylsulphonyl, or 
alkylsulfinyl; or R19 and R21 may together with the nitrogen to which they are attached 
fonn a ring having 5 to 7 members, which members may be optionally replaced by a 
10 heteroatom selected from oxygen, sulfur or nitrogen. The ring may be saturated or may 
conuiin more than one unsaturated bond. Preferably R6 is NR19R21 and R19 and R21 are 
preferably hydrogeiL 

When the R2 moiety is substituted by NR7R17 group, or NR7R17 Cmo alkyl 
group, and the R7 and Ri7 areas d^nedm Formula 0). the substituent is preferably an 

15 anuno,aimno alkyl, or an optionaUy substituted pyrrolidinylinoiety. 

A preferred ring placement on the cyclobexyl ring, particularly when it is a C6 ring, 
is the 4-positiorL 

When the cyclobexyl ring is disubstituted it is preferably disubstituted at the 4 
position, such as in: 




wherein R^* and r2' are independently the optional substiuitents indioitgd above for R2. 
Preferably, r1' and r2' are hydrogen, hydroxy, alkyl, substituted alkyl, optionally 
substituted alkynyl, aryl, arylalkyl, NR7R17, and N(Rio)C(0)Ri 1. Suitably, alkyl is C1-4 
alkyl, such as methyl, ethyl, or isopropyl; NR7R17 and NR7R17 alkyl, such as amino. 
25 methylamino, aminomethyl, aminoetfayl; substituted alkyl such as in cyanomethyl, 

cyanoetfayl nitroethyl, pyrrolidinyl; optionally substituted aikynyl, such as propynyl or 
ethynyl; aryl such as in phenyl; arylalkyl, such as in beniqrl; or together r1' and r2* are a 
keto functionality. 

A prefered grouping of omipounds of Formula (I) have the structure: 
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wherein 

Rl is pyiimidinyl substituted with a Cm alkoxy, and is additionaUy optionally substituted 
independently one or more times by C1-4 alkyl, halogen, hydroxyl, C1-4 alkoxy, Cm 
5 alkylthio. Cm alkylsulfinyl, CH2OR12. amino, mono and di- Ci^ alkyl substituted 
amino, N(Ri0)C(O)Rc or an N-heterocyclyl ring which ring has from 5 to 7 members 
and opticmally ccmtains an additional teteroatom selected from oxygen, sulfiir or NR15; 

R2 is an optionally substituted C6 cycloalkyi ring; 

R4 is phenyl, wMdi is optionally substituted by halo^; 
10 Rio is independently selected from hydrogen or Cm alkyl; 

Rc is hydrogen, Ci^ alkyl, C3.7 cycloalkyi, aiyl, aiylC^ alkyl, heteroaryl, 

heteioarylCi-4alkyl, heterocydyl, or hetCTDcyclylCi-4alkyl Cm alkyl. all of which 
may be optionally substituted; 

R12 is hydrogen or R16; 
15 R16 is Cm alkyl. halo-substituted-CM alkyl. or C3.7 cycloalkyi; 

Rl5 is hydrogen. Cm alkyl or CGZ)-Cm alkyl; 

Z is oxygen or sulfur, 

or a pharmaceutically acceptable salt thereof. 

Another prefeied grouping of compounds of Formula (I) have the structure: 




Rl is pyridyl substituted with a Cm alkoxy, and is additionally opticnally substituted 
independently one or more times by Cm alkyl. halogen, hydroxyl. Cm alkoxy. Cm 
25 alkyltiiio. Cm alkylsulfinyl. CH2OR12, amino, mono and di- Ci^ alkyl substituted 
amino. N(Ri0)C(O)Rc or an N-hetcrocyclyl ring which ring has from 5 to 7 members 
and optionally contains an additional heteroatom selected from oxygen, sulfur or NR15; 
R2 is an optionally substituted C6 cycloalkyi ring; 
R4 is phoiyl, which is optionally substituted by halogen; 
30 Rio is indq)endendy selected from hydrogen or Cm alkyl; 
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Rc is hydrogen. Ci^ alkyl, C3.7 cycloaDgrl, aryl, aiylCM alkyl, hetaoaiyl. 

heteroaiyICi.4alkyI. heterocyclyl, or hcterocyclylCi-4aIkyl Cm alkyl. all of which 
be opdcMully substituted; 
R]2 is hydrogen or R16; 

RI6 is Ci ^ allqrl, halo-substituted-Ci^ alkyl, or C3.7 cydoall^]; 
RlS is hydrogen. Ci^ alkyl or C(Z)-Cm alkyl; 
Z is oxygoi or sulfur; 

or a phannaceutically accqMable salt thoeof . 

As used herein, "optionally subsUtuted" unless specifically defined herein, shall 
mean such groiQis as halogen, such as fluorine, chlwine, bromine or iodine; hydroxy; 
hydroxy substituted Ci-ioalkyl; Ci-io alkoxy. such as medioxy or ethoxy; S(0)m alkyl. 
wherein m is 0, 1 or 2, such as methyl thio. methylsulfinyl or methyl sulfonyl; amino, mono 
& di-sobstituted amino, such as in the NR7R17 group; or where the R7R17 may togedier 

with the nitrogen to whichthey are attachedcyclize toformaS to7 memberediing which 
optionaUy includes an additional heteroatom selected from CVN/S; Ci-io alkyl. cydoalkyl. 
or cycloalkyl alkyl group, such as methyl, ethyl, propyl, isqpiopyl, t-butyl, etc. or 
cyclopropyl methyl; halosubstituted Cmq alkyl. such -CF2CF2H. or -CF3; an optionally 
substituted aryl. such as phenyl, or an optionally substituted arylalkyl. such as benzyl or 
phenethyl. wherein these aryl moieties may also be substituted one to two times by halogen; 
hydroxy; hydroxy substituted alkyl; Ci-io alkoxy; S(0)m alkyl; amino, mono & di- 
substituted amino, such as in the NR7R17 group; alkyl. or CF3. 

In a preferred subgenus of conqiounds of Formula (I), Ri is 2-medioxy-4-pyridyl. 
or 2-methoxy- 4-pytiinidinyl. R2 is an optionally substituted C4 or C6 cyckwlkyl. and R4 is 
phenyl or optionaUy substituted phenyl. In a more preferred subgenus R4 is phenyl or 
phenyl substituted (me or two times by fluoro. chloro. Ci^ alkoxy, -S(0)m alkyl, 
methanesulfcmamido or acetamido; and R2 is cyclohexyl. or cydohexyl substituted by 
niethyl, phenyl, benzyl, amino, acetamide, aminomediyl, aminoediyl, cyanometfayl, 
cyanoethyl. hydroxy, nitroctfiyl, pyrroUdinyl, ethynyl, 1-pit^ynyl. =0, CHCH2)20-, 
=NORi 1, wherein Ri 1 is hydrogen, alkyl or aryl, NHOH, or N(0H)-C(0)-NH2. 

Suitable lAannaceuticaUy acceptable salts arc weU known to those skiUed in the art 
and include basic salts of inorganic and organic acids, such as hydrochloric acid, 
hydrobromic add, sulphuric acid, phosphmic add. methane sulphonic acid, ethane 
sulphonic add, acetic acid, malic acid, tartaric acid, dtric acid, lactic acid, oxalic acid, 
succinic add. fumaric add. maleic add. benzoic add, salicylic add. phenylacetic acid and 
manddic acid. In addition, phaimaceuticaUy acceptable salts of compounds of Formula (I) 
may also be formed wiUi a phannaceutically acceptabte cation, for instance, if a substituent 
group comprises a carboxy moiety. Suitable pharmaceutically accq>tab]e cations are weU 
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known to th se skUled in the art and include alkaline, alkaline earth, ammonium and 
quatemaiy ammonium cations. 

The following terms, as used herein, refer to: 

• "halo" or "halogens", include the halogens: chloro, fluoro, bromo and iodo. 

• "Ci.ioalkyl" or "alkyl" - both straight and branched chain radicals of 1 to 10 

carbon atoms, unless the chain length is otherwise limited, including, but not limited to, 
methyl, ethyl, n-propyl. iso-propyl, n-butyl, jec-butyl, tfo-butyl, i^/t-butyl, n-pentyl and the 
like. 

• The term "cycloalkyl" is used herein to mean cyclic radicals, preferably of 3 to 8 
carbons, including but not limited to cycloim)pyl, cyclopentyl, cyclohexyl, and the like. 

• The term "cydoalkeny 1" is used herein to mean cyclic radicals, preferably of 5 to 
8 carbons, whidi have at least one bond inchiding but not limited to cyclopentenyl, 
cyclohexrayl^ and the like. 

• The term "alkenyl" is used herein at aU occurrences to mean straight or branched 
chain radical of 2-10 carbon atoms, unless the chain length is limited thereto, including, but 
not limited to ethenyl, l-pr(^yl, 2-propenyl, 2-methyl-l-propenyl, 1-butenyl, 2-butcnyI 
and the like. 

• "aryl" > phenyl and n2q}hthyl; 

• "hetcroaryr (on its own or in any combination, such as "heteroaryloxy", or 
"heteroaiyl alkyl") - a 5-10 memboned aromatic ring system in which one or more rings 
contain one or more hetm>atoms selected hem the group consisting of N, O or S, such as, 
but not limited, to pyrrole, jqrrazole, fiiran, thiophene, quinoline, isoquinoline, quinazolinyl, 
pyridine, pyrimidine, oxazole» tfaiazole, tfiiadiazole, triazole, imidazole, or boizimidazole. 

• "heterocyclic" (on its own or in any combination, such as "heterocyclylall^r) - a 
saturated or partially imsatnrated 4-10 membered ring system in which one or more rings 
contain one or more heteroatoms selected from the group consisting of N, O, or S; such as, 
but not limited to* pjnnolidine, piperidine, {nperazine, morplioline, .tetrahydrqpyran, or 
imidazolidine.. 

• The term "aralkyl" or "heteroarykdkyl" or "heterocyclicalkyl" is used herein to 
mean Cm alkyl as defined above attached to an aryl, heteroaryl or heterocyclic moiety as 
also defined herein unless othnwise indicate. 

• "sulfinyl" - the oxide S (O) of the corre^KXiding sulfide, the term "diio" refers to 
the sulfide, and the term "sulfrayl" refers to the fully oxidized S(0)2 moiety. 

• "aroyl" - a C(0)Ar, wherein Ar is as phenyl, nq>hthyl, or aryl alkyl derivative 
such as defined above, such group include but are note limited to benzyl and phenediyl. 

• "alkanoyl" - a C(0)Ci.io alkyl wherein the alkyl is as defined above. 
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It is recognized that tlie compounds of the present invention may exist as 

stereoisomors. regioisomers, or diastoeiomeis. These conqwunds may contain one or more 

asymmetric cartxm atrais and may exist in racemic and optically active forms. All of these 

conqMunds are included within these pe of the present invention. 

S ExeiiqdifiedccMiipoundsofFinnulaCDuiclnde: 

l-(4-Oxocyclohexyl)-4-(4-fluorophei^l)-S-[(2-medioxy)pynmidin-4-yl]ii^ 

cis -l-<4-HydroxycyclQhexyl)-4-(4-fluorophenyl)-5-((2-methoxy)pyrimidiii-4- 
yl]imidazole; 

iraBJ-H4-HydroxycyclohexyI)-4-(4-fluorophenyl)-5-t(2-metfioxy)pyiimidin-^^ 
10 yl]imidazole; j 

H4-OxocycIohexyl)^4-flu<m>phenyl)-5-[(2-inethyltWo)pyriimdin-4-yl] imidazole: 

ir»«j-H4-Hydioxycyclohexyl)-4K4-fluorophenyl>5-[(2-rnethylthio)pyiimidin^^^ 
imidazole; 

H4<)xocycIohexyl)-4-(4-£UioropheivlV5-t(2-hydiDxy)py^ imidazole: 
15 H4-Oxocyclohexyl)-4K4-fluorophenyl)-5-[(2-isopropoxy)pyiimidin-4-yl]im 
H4-Hydroxycydohexyl)-4-(4.fluonipheoyl).5-I(^isopwq)oxy)pyiimidi^ 
miru-H4-Hydn>xy-4-inethyIcydohMyl)-4-(4-flu(m)pheny])-S-[(2-methoxy) 
pyrimidiD-4-yI]iimdaz(de; 

cir-l-(4-Hydroxy-4-methylcyclohexyI)-4-(4-fluorophenyl)-5-((2-methoxy) 
20 pyrinudin-4-yl]imidazole: 

lran5-l-(4-Hydroxycyclohexyl)-4-(4-fluorophenyl)-5-[(2-edioxy)pyrimidine-4- 
yljimidazoie; 

The compounds of Formula (I) m^ be obtained by q;>p]ying synthetic procedures, 
some of which are illustrated in Schnnes I to XVm below. The synthesis provided for in 
25 these Schemes is ai^Uc^le for pnNbicingcon^undsofFbimula (I) having a v^ 

different Ri, R2, and R4 groups whidi are reacted, employing optional substituents ^ch 

are suitably protected, to achieve conqxatibility with the reactions outlined herein. 
Subsequent deprotection. in those cases, then affords compounds of the nature generally 
disclosed. Once the imidazole nucleus has been established, further conqwunds of Formula 

30 (I) may be prepared by inlying standard techniques for fimctional group interconversion. 
well known in the art 

For instance: -C(0)NRl3Rl4 from -CO2CH3 by heating widi or without catalytic 
metal cyanide, e.g. NaCN, and HNR13R14 in CH3OH; -0C(0)R3 from -OH with e.g., 
aC(0)R3 in pyridine; -NRio-C(S)NRi3Ri4 ftom -NHRio with an alkylisothiocyante or 

35 thiocyanic acid; NR6C(0)0R6 from -NHR6 with the alkylchloroformate; 

-NRl0C(O)NRi3Ri4 firom -NHRio by treatment with an isocyanate. e.g. HNsOO or 
Rl0N=C=O; -NRio-C(0)R8 from -NHRio by treatment with a-C(0)R3 in pyridine; - 
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C(=NRlO)NRl3Rl4 from -C(NRi3Ri4)SR3 with H3NR3+OAC- by heating in alcohol; - 
C(NRi3Rl4)SR3 ftom -C(S)NRi3Ri4 with R6-I in an inert solvent. c.g. acetone; - 
C(S)NRi3Rl4 (where R13 or R14 is not hydrogen) from -C(S)NH2 with 
HNRi3Rl4-C(=NCN)-NRi3Rl4 from •C(=NRi3Rl4)-SR3 with NH2CN by heating in 
5 anhydrous alcohol, alternatively from -C(=NH)-NRi3Ri4 by treatment with BrCN and 
NapEt in EtOH; -NRio-C(=:NCN)SR8 ftom -NHRio by treatment with (R8S)2C=NCN; - 
NR10SO2R3 from -NHRio by treatment with aS02R3 by heating in pyridine; - 
NRioC(S)R3 from -NRioC(0)R8 by treatment with Lawesson's reagent [2,4.M4- 
methoxyphenyl)-13A4-d[itfuadiirfiosphetane-2,4-disulfide]; -NR10SO2CF3 from -NHR6 
10 with triflic anhydride and base wherein R3. R6, Rio, R13 and R14 are as defined in 
Formula (I) herein. 

In a further zsped the present invention provides for conipounds of tiie Formula (11) 
having the structure: 

Ar-S(0)p 

(H) 



15 




wherein p is 0. or 2; R4 is as defined for Fmnula (I) and Ar is an optionaUy 

substituted aryl as defined herein. Suitably. Ar is phenyl optionally substituted by 
Ci_4alkyl. Cj^ alkoxy or halo. Preferably Ar is phenyl or 4-methylphenyl. i.c. a tosyl 

derivative. Compounds of Formula (II) are believed novel, provided than when Ar is 
20 U>syl.andpis0or2.thenR4isnotanunsubstitutedphenyL 

Precursors of the grotqis Ri, R2 andR4 can beotiier Rj. R2 and R4 groups which 

can be interconverted by qsplying standard techniques for functional group interconversion. 

For txanxplc a ccmipound of the f onnula (I) wherein R2 is halo -substituted C 1 . j 0 alky 1 can 

be cmverted to the corresponding Cj.io alkylN3 derivative by reacting with a suitable 
25 azide salt, and thereafter if desired can be reduced to tiie corresponding Ci.ioalkyINH2 

compound, which in turn can be reacted with Ri8S(0)2X wherein X is halo (e.g.. chloro) to 

yield the corresponding Ci, ioalkylNHS(0)2Ri g compound. 

Alternatively a compound of the formula (I) where R2 is halo-substituted 

Cj^lO-alkyl can be reacted witii an amine R13R14NH to yield tiie corresponding 
30 Ci.iorallcylNRi3Ri4 compound, or can be reacted witfi an alkali metal salt of RjgSH to 

yield the conesponding Ci.ioalkylSRjg compound. 
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10 



R4CHO (V) +ArS(0)pH 



H2NCHO 



Ar-S(0)^, 

I (IV) 

R4 NHCHO 

ddiydcating agent 

Ar-S(0), 



NaOH 
H2P.PTC 



ArS(0)2L, (Vn)^ 
wbaanp=2 



R4CH2NH2 (vm 

V Fonnyladiig agent 
R4CH2NHCHO 



/• 



defaydmiiig agent 
R4CH2NC (VI) 



R,CHO -I- 




X cm) 




Refeiring to Scheme I the conqxNuids of FomuO^ 
reacting a compound of the Fonntda (II) with aconqxnmd of tiie Fmmula (HI) wh«ein p is 
0 or 2, Rj , R2 and R4 arc as defined heiein, for Fcwmula (I), or are precmsQis of the groiq^ 
Rl, R2 and R4. and Ar is an optionaUy substituted phenyl group, and thoeafter if necessary 
converting a precursor of Rj. R2 and R4 to a group Rj, R2 and R4. It is recognized that 
R2NH2 which is reacted with RiCHO to form the imine. Fonnula (III) the R2 moiety when 
it contains a reactive functional group, such as a primaiy or secondary amine, an alcohol, or 
thiol conqwund the group may require a suitable protecting group. Suitable protecting 
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groups may be f und in, Protecting Groups in Organic Syndiesis, Greene T W, Wiley- 
Interscience» New York, 1991, whose disclosure is inccxporated herein by reference. For 
instance, when R2 contains as a substituent group a hetat>cyclic ring, such as a pipmdine 
ring, the nitrogen is protected with groups such as t-Boc, C02Rlg, or a substinited 
5 arylalkyl moiety. 

Suitably, the reaction is performed at ambient temperature or with cooling (e.g. -50*^ 
to 10^) or heating in an inert solvent such as methylene chloride, DMF, tetrahydrofuran, 
toluene, acetonitrile, or dimethoxyethane in the presence of an i^ropriate base such as 1,S- 
diazabicyclo [S.4.O.] undec-7-ene (DBU) or a guanidine base such as l,S,7-triaza-bicyclo 
10 [4.4.0] dec-S-ene (TBD). The intermediates of formula (II) have been found to be veiy 
stable and capable of storage for a l(Hig time. Pkefeiably, p is 2. 

Reaction a compound of the Formula (11) wherein p = 2, with aconqx>und of the 
Formula (III)-Sclieme I gives consistently higlier yields of conipounds of Formula (I) ttmn 
whmpsO. Inaddition,thereactionof F6nnula(II)conq)ounds whereinps2isxD0ie 
IS environmentally and economically attractive. When p=0, the preferred solvent used is 
methylene chloride, which is environmentally unattractive for large scale processing, and 
the picfemd base, TBD, is also expensive, and produces some byproducts and impurities* 
than when using the commercially attractive synthesis (p=2) as further described herein. 

As noted. Scheme I utilizes tte 1,3-dipolar cycloadditions of an anion of a 
20 substituted aryl thiomethylisocyanide (when p=0) to an imine. More specifically, this 

reaction requires a strong base, such as an amine base, to be used for the deprotonation step. 
The commercially available TBD is piefened although t-butoxide, LiH- or Na^, or K+ 
hexami^hyldisilazide may also be used. While methylene chloride is die preferred solvent, 
other halogenated solvents, such as chloroform or caibon tetrachloride; ethers, such as 
25 THF, DME, DMF, diethylether, t-butyl methyl ether, as well as acetonitrile, toluene or 
mixtures thereof can be utilized. The reaction may take place from about -20^C to about; 
40'*C, preferably from about 0**C to about 23X, more preferably from about O^'C to about 
lO^C, and most preferably abcnit 4^C for reactions involving an Ri group of pyrimidine. 
For compounds wherein Ri is pyridine, it is recognized that varying the reactions 
30 conditions of both tenqierature and solvent may be necessary, such as decreasing 
terhperatures to about *5(rC or changing the solvent to THF. 

In a fiirther process, conqxHinds of Fcnrmula (I) may be prqmred by coupling a 
suitable derivative of a compound of Formula (K): 
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P2 




wherein Ti is hydrogen and T4 is R4 , or altemaiively Ti is Ri and T4 is H in which Ri. 
R2 and R4 arc as hereinbefore defined; with: (i) when Ti is hydrogen, a suitable derivative 
5 of the heteroaryl ring RiH, under ring coupling conditions, to effect coiq)ling of the 
heteroaryl ring Ri to the imidazole nucleus at position 5; (u) when T4 is hydrogen, a 
suitable derivative of the aryl ring R4H, under ring coupling conditicms, to effect coupling 
of the aryl ring R4 to die imidazole nucleus at positicHi 4. 

Such aryl/faet^oatyl coiq>ling reactions arc well known to those skilled in the art. 

10 In general, an <»ganom^allic synthetic equivalent of an anion of one conqx)nent is coupled 
with a reactive derivative of the second con^xment, in the presence of a suitable catalyst 
The anion equivalent may be formed firom either the imidazole of Formula (DC), in which 
case the aryl/heteroaryi oonqxiund provides the reactive doi vati ve, or the aryl/heteroary 1 
compound in which case the imidazole provides the reactive derivative. Accordmgly, 

15 suitable derivatives of die compound of Fbrmula (K) or the aiyl/hetmaryl rings include 
organometallic derivatives such as organomagnesium, organozinc, organostannane and 
boronic acid derivatives and suitable reactive derivatives uicludc die bromo, iodo, 
fiuorosulfonate and trifluoromethanesulphonate derivatives. Suitable procedures are 
described in WO 91/19497, die disclosure of which is incorporated by reference herein. 

20 Suitable organomagnesium and organozinc derivatives of a compound of Formula 

<IX) may be reacted with a halogen, fluocosulfonate or triflate derivative of the heteroaryl 
v aryl ring, in the presence of a ring coupling catalyst, such as a palladium (O) or 
palladium (11) catalyst, following the procedure of Kiunada ^ ol.. Tetrahedron Letters, 22, 
S3 19 ( 198 1 ). Suit^le such catalysts include iemiAi5*(triphenylphosphine)palladium and 

25 Pda2[l,4«i>w-(diphenylphosi*ino)-butane]. optionally in the presence of lithium chloride 
and a base, such as triediylamine. In addition, a nickel (II) catalyst, such as Ni(II)Cl2(1.2- 
biphenylpbosphino)ethane, may also be used for coupling an aryl ring, following the 
procedureof Pridgenetai., J, Org. Chem., 1982,47,4319. Suitable reaction solvents 
include hexamediylphosphor-amide. When die heteroaryl ring is 4-pyridyl, suitable 

30 derivatives include 4-faromo- and 4-iodo-pyridine and the fluorosulfonate and triflate esters 
of 4-hydroxy pyridine. Similariy, suitable derivatives for when die aryl ring is phenyl 
include die bromo, fluorosulfonate, triflate and, preferably, die iodo-derivatives. Suitable 
organomagnesium and oiganozinc derivatives may be obtained by treating a compound of 
Formula (DC) or die bromo derivative thereof with an alkyllithium compound to yield the 
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ccmesponding Uthium reagent by deprou>nation or trai^ This 
lithium int^mediate may then be treated with an excess of a magnesium halide or zinc 
halide to yield the corresponding orgamnnetallic leagent 

A trialkyltin derivative of the conqxMind of Formula (DC) may be treated with a 
S bromide, fluorosulfonate, triflate» or, preferably, iodide derivative of an aryl or heteioaiyl 
ring compound, in an inert solvrat such as tetrabydrofuran, preferably ccmtaining 10% 
hexamethylphosphoramide, in the i^esence of a suitable coupling catalyst, such as a 
palladium (0) catalyst, for instance f^mzUr-(triphenyIphosphine)-palladium, by the method 
described in by Stillc, J. Aidn. CbexxL Soc., 1987, 109, 5478, US Patents 4,719,218 and 

10 5,002,942, or by using a palladium (II) catalyst m the presence of lithium chloride 

optionally with an added base such as triethylamine, in an inert solvent such as dimethyl 
formamide. Trialkyltin derivatives may be convniently obtained by roetallation of the 
corresponding compound of Formula (DC) with a liduating agent, such as 5-bu^l-Iithium or 
n-butyllithium, in an ethereal solvit, such as tetrahydrofiiran, or treatment of the Immo 

IS derivative of the corresponding compound of Fcmnula (IX) with an alkyl lithium, foUowed, 
in each case, by treatment with a trialkyltin halide. Alternatively, the bromo- derivative of 
a compound of Formula (DC) may be treated with a suitable heteroaryl or aryl trialkyl tin 
compound in the presence of a catalyst such as i^rniiUs-(triphenyl-phosphine)-palladium, 
undn- conditions similar to those described above. 

20 Boronic acid derivatives are also useful. Hence, a suitable derivative of a 

conqpound of Formula (IX), such as die brmno, iodo, triflate or flucxosuli^onate derivative, 
muiy be reacted with a hetnoary 1- en- aiy 1-boronic acid, in the presence of a paiigHiiim 
catalyst such as £eiraiu-(triphenylpho5phine)i)alladium or Pda2P,4-to-(diphenyl- 

phosphino)-butane] in the presence of a base such as sodium bicarbonate, under reflux 
25 conditions, in a solvent such as dimethoxyethane (see Fischer and Haviniga, Rec. Trav. 
Chim. Pays Bas, 84, 439, 1965, Snieckus, V., Tetrahedron Lett, 29, 2135, 1988 and 
Terashimia, M., Chenu niarm. Bull., 11, 4755, 1985). Non-aqueous conditions, for 
instance, a solvent such as DMF, at a tenq)erature of about 100**C, in the presence of a 
PddD catalyst may also be enq>loycd (see Thompson, W J er ol, J. Org. Chem., 49, 5237, 
30 1984). Suitable boronic add derivatives may be prepared by treating the magnesium or 
lithium derivative with a txialkylborate ester, such as triethyl, tri-u£>-propyl or 
tributylborate, according to standard procedures. 

In such coupling reactions, it will be readily appreciated that due regard must be 
exercised with req^ect to functional groups present in the compounds of Formula (EX). 
35 Thus, in general, amino and sulfur substituents should be non-oxidized or protected. 

Compounds of Formula (DC) are imidazoles and may be obtained by any of the 
procedures herein before described for preparing compounds of Formula (I). In particular, 
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an a-halo-kctone or other suitably activated ketones R4COCH2Hal (for compounds of 
Formula (K) in which Ti is hydrogen) or RiCCX3l2Hal (for compounds of Formula (IX) 
in which T4 is hydrogen) may be reacted with an amidine of the formula R2NH-C=NH. 
wherein R2 is as defined in F rmula (I), or a salt thereof, in an inert s Iventsuchasa 
5 halogenated hydrocarbon solvent, for instance chlorofonn, at a modecately elevated 
tenq)eranire, and, if necessary, in the presence of a suitable condensation agent such as a 
base. The preparation of suitable a-halo-ketones is described in WO 91/19497. Suitable 
reactive esters include esters of strong organic acids such as a lower alkane sulphonic or 
aryl sulphonic acid, for instance, methane or ;>*toluene sulphonic add. The amidine is 

10 preferably used as the salt, suitably the hydrochloride salt, which may then be converted 
into the free amidine in situ , by employing a two phase system in which the reactive ester 
is in an inert organic solvent such as chloroform, and the salt is in an aqueous phase to 
which a solution of an aqueous base is slowly added, in dimolar amount, with vigcxous 
stirring. Suitable aniidiiies rnay be obtained by standard rnethods, see for instance, 

IS Garigipati R, Tetrahedron Letters, 190, 31, 1989. 

Cjonqx>unds of Formula (I) may also be prepared by a process which comprises 
reacting a compound of Formula (K), wherein Ti is Iqrdrogen, with an N-acyl hetooaryl 
salt, according to the method disclosed in US patent 4,803,279; US patent 4,719,218 and 
US patent 5,002,942, to give an intermediate in which the heteroaryl ring is attached to the 

20 imidazole nucleus and is present as a 1 ,4-dihydro derivative thereof, which intermediate 
may then be subjected to oxidative-deacylation conditions (Scheme H). The heteroaryl salt, 
for instance a pyridiniimi salt, may be either preformed or, more preferably, prepaied in 
situ by adding a substituted carbonyl halide (such as an acyl halide, an aroyl halide, an 
ary bdkyl halofcmnate ester, or, preferably, an alkyl halofonmate ester, such as acetyl 

25 bromide, benzoylchloride, benzyl chloroformate, or, preferably, ethyl chloroiormate) to a 
solution of the conqxnmd of Formula (K) in the heteroaryl conq)ound RiH 
solvent such as methylene chloride to which the heteroaryl conqxHmd has been added. 
Suitable deacylating and oxidizing conditions arc described in U.S. Patent Nos. 4,803,279, 
4.719,218 and 5,002,942, which references arc hereby inccxporated by reference in their 

30 entircty. Suitable oxidizing systems include sulfur in an inert solvent or solvent mixture, 
such as decalin, decalin and diglyme, p-cymene, xylene or mesitylene, under reflux 
conditions, or, preferably, potassium r-butoxide in r-butanol with dry air or oxygen. 
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SCHEMED 



In a further process* illustrated in Scheme III below, compounds of Formula (1) may 
be prepared by treating a compound of Formula (X) thermally or with the aid of a cyclising 
S agent such as phosphorus oxychloride or phosphorus pentachloride (see Engel and Steglich, 
Liebigs Ann Chcm, 1978, 1916 and Strzybny etal., J. Org. Chem., 1963, 28. 3381). 
CompCHmds of Formula (X) may be obtained, for instance, by acylating the conesponding 
a-keto-amine with an activated formate derivative such as the conesponding anhydride, 
under standard acylating conditions followed by formation of the imine with R2NH2. The 
10 aminoketOQe may be derived from the parent ketone by oxamination and reduction and the 
requisite ketone may in turn be prepared by decarboxylation of the beta-ketoester obtained 
from the condensation of an aryl (beteroaryl) acetic ester with the R]COX con^xment 

SCHEME ffl 



15 



X 



o 



OR 



In Scheme IV illustrated below, two (2) different routes which use ketone (formula 
XI) for preparing a compound of Fmmila (I). A heterocyclic ketone (XI) is prepared by 
adding the anion of the alkyl heterocycle such as 4-niethyl-quinoline (prepared by treatment 
20 thereof with an alkyl lithium, such as n-butyl lithium) to an N-alkyl-O-alkoxybenzamide, 
ester, or any other suitably activated dmvative of the same oxidation state. Alternatively, 
the anion may be condensed with a benzaldehyde, to give an alcohol which is then oxidized 
to the ketone (XI). 




SCHEME IV 
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10 



In a fimher process, N-substituted compounds of Fonnula (JL) may be prepared by 
treating the anion of an amide of Fonnula (XII): 

R1CH2NR2COH (xn) 

wherein Ri and R2 widi: 

(a) a nitrile of the Fonnula (Xm): 

R4CN (xm) 
whoein R4 is as hereinbefore defined, or 

(b) an excess of an acyl halide, for instance an acyl chloride, of the Fonnula (XIV): 

R4COHal (XIV) 
wherein R4 is as hereinbefore defined and Hal is halogen, or a corresponding anhydride, to 
give ato-acylated intennediate which is dien treated with a source of ammonia, such as 
ammooium acetate. 



R2HN base Ri\^CI „ » 1.)U^-N(HPr^ 
O />-H 



o R/ n 



(XII) 

15 SCHEMKV 

One variation of this approach is illustrated in Scheme V above. A primary amine 
(R2NH2) is treated with a halomethyl heterocyde of Fonmda R1CH2X to give the 

secondary amine which is thai converted to the amide by standard techniques. 

20 Altemativdydie amide may be prepared as illustrated in scheme V by alkylation of the 
formamide widi R1CH2X. Deprotonation of this amide with a strong amide base, such as 
lithium di-tso-propyl amide or sodium fcu-(trimethyl8ayl)amide, foUowed by addition of an 
excess of an aroyi chloride yields die te-acylated compound which is then closed to an 
imidazole compound of Fixmula (I), by heating in acetic acid containing ammonhun 

25 acetate. Alternatively, the anion of the amide nu^ be reacted with a substituted aryl nitrile 
to produce the imidazole of Formula (I) direcdy. 

The following ^sctq>tion and schemes are Anther exen^lification of tiie process as 
previously described above in Scheme I. Various pyrimidine aldehyde derivatives 6. 7 and 
30 8 as dq)icted in scheme VI below, can be prepared by modification of the procedures of 
Bredereck et aL (Chem. Ber. 19M, 97, 3407) whose disclosure is incorporated by reference 

herein. These pyrimidine aldehydes are then utilized as hitermediaies in die syntiiesis as 
fiirdier described herein. 
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SCHEME V? 

Tbt leacdcm of imines with tosyln^y I isonitriles was first repoited by van Leusen 
(van Leusen, et al., / Org. Chem. 1977, 42, 1 153.) Repoited were the following 
5 conditions: tcrt butyl amine(ffluNH2) in dimcthoxyediane (DME), K2CO3 in MeOH, and 
NaH in DME. Upon le-examination of these amditions eadi was found produce low 
yields. A secmid pathway involving amine exchange to produce the t-butyl imine followed 
by reaction with the isocyanide to pnxhice a 1-lBuinudazole was also opeiating^ Thiswill 
likely occur using any immaiy amine as a base. The secondary amines, while not prefencd 
10 may be used, but may also decompose the isonitrile slowly. Reactions will likely require 
about 3 equivalents of amine to go to completion, resulting in approximately 50% isolated 
yields. Hindered secondary amines (diisopropylamine) while usable are very slow and 
generally not too effective. Use of tertiary and aromatic amines; such as pyridine, and 
triethylamme gave no reaction under certain test conditions, but more basic types such as 
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DBU, and 4-diiiiethylainino pyridine (DMAP) whUe slow, did produce some yields and 
hence may be suitable for use herein. 

As depicted in Schemes VD and Vm below, the pyrimidme aldehydes of Scheme 
VI, can be condensed with a primary amine, to generate an imine, which may suitably be 
5 isolated or reacted in sini, with the desired isonitrile in the presence of a variety of suitable 
bases, and solvents as described herein to afford the S-(4-pyrimidinyI)-imidazoles, wherein 
R2 and R4 are as defined herein for Formula (I) compounds. 

One preferred method for preparing compounds of Formula (I) is shown below in 
Scheme VU. The imines, prepared and isolated in a separate step what often tars, which 
10 were hard to handle. The black color was also often carried over into the final iat)duct 
The yields, for making the imines varied, and envirorunentally less-acceptable solvents, 
such as CH2CI2 were often used in their preparation. 

This reaction, wheremp«r2 requires a suitable base for the reaction The 
reaction requires a base strong enough to deprotonate the isonitrile. Suitable bases include 

15 an amine, a carbonate, a hydride, an alkyl or arylUthium reagent; or niixtures 

Bases include, but are not limited to, potassium carbonate, sodium carbonate, primary and 
secondary amines, such as t-butylamine, diisopropyl amine, morpholine, piperidine, 
pyrrolidine, and other non-nucleophilic bases, such as DBU, DMAP and 1,4- 
diazabicyclo[2.2J2]octane (DABCO). 

20 Suitable solvents for use herein, include but are not limited to N JJ-dimethyl- 

fonnamide (DMF), MeCN, halogenated solvents, such as methylene chloride or 
chloroform, tetrahydrofiiran (THF), dimethylsulfoxide (DMSO), alcohols, such as methanol 
or ethanol, benzene, toluene, DME or EtOAc. Prefmbly the solvent is DMF, DME, THF, 
or MeCN, more preferably DMF. Ptoductisolationmay graetally beacCQu^lishedby 

25 adding water and filtering the produa as a clean compound. The mixture is ncm- 
nucleophilic, thus no isonitrile decomposition occurs. 




SCHEME vn 
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While not convenient fn* large scale woik, addition of NaH, instead of t- 
butylamine, to the isonitrile, perhq)5 with temperatuies lower than 25 <C (in THF) aie 
likely needed. AdditionaUy, BuLi has also been reported to be an effective base for 
deprotonating tosyl ben^lisonitiiles at -50 ^C. (DiSanto, et al.. Synth. Cammm. IWS, 25, 
5 795). 

Various temperature conditions may be utilized depending upon the preferred base. 
For instance, t-BuNH2/DME, K2CX>3/MeOIi K2CO3 in DMF, at temperatures above 40 
OC, the yields may drop to about 20% but little difference is expected between OX and 25 
oC. Consequently, temperature ranges below O^^C, and above 80 are contemplated as 

10 also being within die scope of this invention. Preferably » the temperature ranges are firom 
about 0 X to about 25X. For purposes herein, room temperature, whidi is depicted as 
15^^ but it is recognized that this may vary £nxn 20% to 30^. 

As shown in Scheme Vm below, the imine is preferably fcvmed in situ in a solvent. 
This preferred sjnithesis, is a process which occurs as a one-pot qmthesis. Suitably, when 

15 die primary amine is utilized as a salt, such as in the hydrochloride salt in the Examples, the 
reaction may iurther include a base, such as potassium carbonate prior to the addition of the 
isonitrile. Reaction conditions, such as solvents, bases, temperatures, etc. are similar to 
those illustrated and discussed above for the isolated imine as shown in Scheme Vin. One 
skilled in the art would readily recognize that under some circumstances, the in situ 

20 formation of the imine may require dehydrating conditions, or may require acid catalysis. 
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SCHEME Vm 

Another method for preparing compounds of Fonnula (I) is shown below in Scheme 
Vma. To avoid the difficulty associated with isolating the jqrrimidine aldehyde 8, it is 
possible to hydrolyze the acetal 3 to aldehyde 8 as described herein. The aldehyde 8. 

formed in situ, can be treated sequentially with a primary amine, ethyl acetate, and 
NaHCO) to form die cme^nding imine in situ, which is extracted into the ethyl acetate. 
Addition of the isonitrile, a carbonate base and DMF aUows for the formation of the 5-(4- 
pyrimidinyl>imidaz(^. wherein R2 and R4 are as defined hoein for Rxmula (I) 
compounds. 
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SCHEMEVma 

5 The preferred method of synthesis for compoonds of Formula (I) also provides for a 

suitable and reliable method for introduction of an S(0)nia]kyl moieQr oa the pyiimidine 
(Rl group) by using» for instance, the 2-methylthio pyrimidine aldehyde derivative, as is 
also described in the Examples section. 

In scheme DC below (X=S Methyl), conqx>und 1, while a final product may also be 
10 used as a precursor, as previously noted to make further conqx>unds In this 

particular instance the methylthio moiety is oxidized to the methyl sulfiiiyl or sulfonyl 

moiety wWchmayadditicMiallybefmtherniodifiedtoanalkoxy^ ROH is an appropriate 
nucleophile as claimed herein, for R] substitution. 
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forXBSCHs 



K2S2O8 

H3C(0)S^^N^ ' AcOH/HgO 



/K2! 



,R2 

3 l/> 

SCHEME IX 

Another embodiment of the present invention is the novel hydrolysis of 2-thioallcyl 
or alkoxy pyrimidine acetal to 2-thioaikyl or alkoxy pyrimidine aldehydc(s), as shown in 

5 Scheme X below. Hydrolysis of the acetal to aldehyde using various known reaction 
conditions, such as fonnic acid, did not produce a satisfactory yield of the aldehyde, 
<13%) was obtained. The preferred syndiesis involves the use of AcOH (firesh) as solvent 
and concentrated H2SQ4 under heating conditions, pref end)ly a catalytic amount of sulfuric 
acid. Heating cmiditions include teoqieiatures from about 60 to 8SX, preferably from 

10 about 70^ to about 80^C as higher tempmtures show a darkening of the reaction mixture. 
After the reaction is completed the mixture is cooled to about room temp^atute and the 
acetic acid is removed. An alternative procedure to this involves heating the acetal in 3N 
HCl at 40°C for about 18 hours, cooling and extracting the bicarbonate neutralized soluticHi 
intoEtOAc. 



AcOH/conc. H2SO4 




80^C 

wherein R is all^l 




SCHEME X 

The final 2-alkoxy and alkyltliiolpyrimidirH4-yl imidazole compounds of Formula 
(I), as well as similar pyridine containing conqK)unds can be prqiared by one of two 
meAods: 1) direct reaction of the 2-alkoxyrimidine imine with the isonitrile; 2) oxidation 
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of the 2-alkylthiopyriinidiiie derivative to the carresponding sulfoxide or sulfone followed 
by displacement with the desired alcohol. 

While these schemes herein are presented, for instance, with an optionally 
substituted cyclohexyl moiety for the resultant R2 position, or a 4*fluon) phenyl for R4, any 
S suitable R2 moiety or R4 moiety may be added in this manner if it can be prepared oa the 
primary amine. Similarly, any suitable R4 can be added via the isonithle route. 

The compounds of Formula (II), in Scheme I, may be prepared by the methods of 
Van Leusen et al., supra. For example a compound of the Formula (II) may be prepared by 
dehydrating a conqx>und of the Formula (IV>Scheme I, wherein Ar, R4 and p are as 

10 defined herein. 

Suitable ddiydrating agents include phosphorus oxydUoride, oxalyl chloride, 
thionyl chloride, phosgene, or tosyl chloride in the presence of a suitable base such as 
triethylamine or diisopfopylethylamine, or similar bases, etc. such as pyridine. Suitable 
solvents are dimethoxy ^faer, tetrahydiofuran, or halogenated solvents, preferably THF. 

IS The reaction is nK>st efBcient when the reaction ten^ratures are kept between -lO^C and 
O^C. At lower temperatures incomplete reaction occurs and at higher temperatures, the 
solution turns dark and the product yield drops. 

The coiiqx>unds of fonnula (I\0-Scheme I may be prepared by reacting a compound 
of the formula (V)-Schcme I. R4CHO where R4 is as defined herein, with ArS(0 

20 formamide with or wittiout water removal, preferably under dehydrating conditions, at 
ambient or elevated teii^)erature e.g. 30"* to ISO^ convenirady at reflux, optionally in the 
presoce of an acid catalyst Alternatively trimethysilylchloride can be used in place of the 
acid catalyst Exanq>Ies of acid catalysts include camphor- 10-sulphonic acid, formic acid, 
p-toluenesulphonic acid, hydrogen chloride or sulphuric acid. 

25 An optimal method of making an isonitrile of Formula (11) is illustrated below, in 

Scheme XI. 
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90% 
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^ 30min 

7D%yieU 

SCHRMRVI 

The conversion of the substituted aldehyde to the tosylbenzyl foimamide may be 
accompUshed by heating the aldehyde, I-Scheme XI, with an acid, such as p-toluene- 
5 sulfonic acid, fonnic acid or camphorsulfonic acid; with formaniide and p-toluene-sulfinic 
acid [under reaction conditions of about 60^0 for about 24 hours]. Preferably, no solvent is 
used. The reaction, may give poor yields (< 30%) when solvents, such as DMF, DMSO, 
toluene, acetonitiile, or excess formamide are used. Temperatures less tiian 60X are 
generally poor at produdng the desired product, and tenqieratures in excess of 60**C may 

10 produce aproduct which decomposes, or obtain a ben^lic bis-fonnamidc, 2-Scheme XI. 
In Example 23 (a), described in WO 95/02591, Adams et aL, synthesizes 4-Fluorophenyl- 
tosylmethylfonnamide,acQnq)oundofFbnnula(I^ This 
procedure differs from that presently described herein by the following ccmditicms, using 
the sodium salt of toluene sulfinic acid, neat which [nocess results in unevra heating, lower 

15 yields and lower reproducibility then the present invention, as described herdn which uses 
sulfinic acid and aUows for use of non-aqueous conditions. 

Conditions for making a-(p-Toluenesulfonyl)-4-fluoroben2ylisonitrile as described 
in Example 23 (b), of WO 95/0259 1 , Adams et al., used as a solvent CU2O2 ^ extract tiie 

product and DME as solvent. The present invention improves upon Uiis process by 
20 utilizing less expensive solvents, such as THF and EtOAc to extract Further higher yields 
arc obtained by recrystalizing witii an alcohol, such as 1-propanol, although oUier alcohols, 
such as methanol, ethanol and butanols are acceptable. Previously, the coix^und was 
partiaUy purified using chnmiatography techniques, and hazardous solvents for additional 
purifications. 
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Another embodimmt of the presmt invmticm is the syndiesis of the tosyl benzyl 
fonnamide coiqxNind, achieved by reacting die bisfonnamide intennediate, 2-Scheine XI, 
with p-toluenesulfinic acid In this prrfrared route, preparation of the bis-fbnnamide from 
the aldehyde is acconqilished by healing the aldehyde with fonnamide, in a suitable solvent 
S with acid catalysis. Suitable solvents are toluene, acetonitrile, DMF, and DMSO or 
mixtures thereof. Acid catalysts, are those weU known in the art, and include but are not 
limited to hydrogen chloride, p-toluenesulfonic acid, canq)horsulfonic acid, and other 
anhydrous acids. The reaction can be conducted at temperatures ranging from about 25X 
to 1 WC, preferably about 50X, suitably for about 4 to about 5 hours, longer reaction 

10 times are also acceptable. Product decomposition and lower yields may be observed at 
higher temperatures (>70^Q at prolonged reactions times. Complete conversion of the 
product generally requires water removal from die reaction mixture. 

Prefiened conditions for converting a bis-fonnamide derivative to tfie tosyl benzyl 
fcnrmamide are accomplished by heating the bisfinrmamide in a suitable solvent with an acid 

IS catalyst and p-toluenesulfinic acid. Solvents for use in this reaction include but are not 
limited to toluene, and acetonitrile or mixtures tibereof. Additional mixtures of these 
solvents with DMF, or DMSO may also be used but may it^ult in lower yields. 
Temperatures may range from about 30**C to about 100**C Temperatures lower than °C and 
higher than 60°C are not preferred as the yield and rate decreases. Preferably the range is 

20 from about 40 to 60X, most preferably about SO^C. The optimal time is about 4 to S 
hours, although it may be longer. Preferably, adds used inchide but are not limited to, 
toluenesulfonic add, canq4iorsulfonic add, and hydrogen ddoride and other anhydrous 
adds. Most preferably the bisformamide is heated in toluraeracetonitrile in a 1 : 1 ratio, 
with p-toluenesulfinic acid and hydrogen diloride. 

25 Anotho* embodiment of die jniesent invention is the preferred synthetic route for 

S3aithesis of the tosylbenzyl fonnamide compound which is accomplished using a one-pot 
procedure. This process first converts the aldehyde to the bis-formamide dmvative and 
subsequently reacts the bis-formamide derivative with toluenesulfinic acid. This jmcedure 
combines the optimized conditions into a single, efiBdent process. High yields, >90% of 

30 the aryl benzylformamide may be obtained in such a manner. 

Preferred reaction conditions enqiloy a catalyst, such as trimethylsilyl chloride 
(TMSQ), in a preferred solvent, tolueneraoetonitrile, preferably in a 1:1 ratio. A reagent, 
such as TMSCl , is preferred which reacts with water produced therein and at the same time 
produces hydrogen diloride to catalyze the reaction. Also preferred is use of hydrogen 

35 chloride and p-toluenesulfonic acid. TherefiHc, three suitable reaction conditions for use 
herein include I) use of a dehydrating agent which also provides hydrogen chloride, such as 
TMSCl; or by 2) use of a suitable ddiydrating agent and a suitable source of add source, 
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such as but not limited to, camphorsulfonic acid, hydrogen chloride or toluenesulfonic acid; 
and 3) alternative dehydrating conditions, such as the azeotropic removal of water, and 
using an acid catalyst and p-toluene sulfinic acid. 

5 Compounds of the formula (11) where p is 2 may also be prepared by reacting in the 

presence of a strong base a conqwund of the formula (VI) -Schen^ I, R4CH2NC with a 
compound of the formula (VII)-Scheme I, ArS02Li wherein R4 and Ar are as defined 
herein and Lj is a leaving group such as halo, e.g. fluoro. Suitable strong bases include, 
but arc not limited to, alkyl lidiiums such as butyl lithium or lithium diisopropylamide (van 
10 Leusen sUL» Tetrahedron Letters. No. 23, 2367-68 (1972)). 

The compounds of formula (VI)-Scheme I may be prepared by reacting a compound 
of the formula (VUD-Scheme I, R4CH2NH2 with an alkyl formate (e.g. ethylfonnate) to 

yidd an intermediate amide which can be converted to the desired isonitrile by reacting 
with weU known delqrdratmg agent, such as but not limited to oxalyl chloride, phosphorus 
15 oxychloride or tosyl chloride in the presence of a suitable base such as trietfiylamine. 

Alternatively a compound of (he formula (Vm) - Scheme I may be converted to a 
compound of the formula (VI)- Scheme I by reaction with chloroform and sodium 
hydroxide in aqueous dichlorometfaane under phase transfer catalysis. 

The compounds of the fwmula (m) - Scheme I may be prepared by reacting a 
20 confound of the formula RjCHO with a primary amine R2NH2. 

The amino cmzqxHmds of the formula (Vm) - Scheme I are known or can be 
prepared from the corresponding alcohols, oxtmes or amides using standard functional 
group interconversions. 
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Conditions: a)i. NH,OH*Ha. Na,CO,,H,0: u. RancyNi.H,; b) 2-thioalkylor2- 
alkoxypyiimidinyl -4-caiboxaldehyde. CH,C1,; c) 4-fliiorai^yl - Kifytiiioinediyisocyaiude. 
TBD.CHjCl,; d) 1. Ha.H,0; iL Na,CO,.I^O; e) NH,OfrHa. Na,CO„H,0; ONaCNBH,. 
5 MeOH; g) KNCO.DMF, H,0,HOAC. 



SCHEME xn 
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Cydoalkanones such as l-Scheme XH (available ftom Aldrich Chemical Co., 
MUwaukee. Wi) may be converted to cycloalkylamines such as 2-Scheme XH by 
conventioaal procedures for reductive amination such as oxime foimation widi 
hydroxylamineiDHzOf UowedbyreductioDoftbeoninet the amioe by standaid 
condhioiis such as catalytic hydn^genation with Raney Ni in an H2 atmosphere. The 
resulting cycloalkylamines such as 2-Schenie Xn may be reacted with aryl aldehydes such 
as 2-alkylthio or alkoxypyrimidinyl.4<art)oxaldhyde in non-hydroxylic organic solvents to 
form imines such as 3-Scheine Xn. Depending on the degree of activation of the aldehydes 
towards imine formation, catalytic add (such as tolucnesulfonic add) and debydiatmg 
conditions (such as azeotropic removal of water in refluxing benzene) may or may not be 
needed. Imines such as 3-Scheme XD may be converted to 1,4 diaryl imidazoles alkylated 
with cydoalkyl groiqw by reactiwi widi isonitiiles such as 4-fluoroi*enyl- 
tolyhhiomethylisocyanide m the presence of a base such as U,7-triazabicyclo[4.4.0]-dec- 
5-ene(TBD) in oiganic solvents such as CH2a2. Inthis way S-SchemeXO was converted 
to S-Scheme XIL Cydoalkyl ketal substituted imidazoles such as 5-Scheme XH are 
hydrolyzed with aqueous adds (such as aqueous HQ) foUowed by neutralization with base 
(such as aqueous Na2C03) to afford ketones such as 6-Scheme VI. 6-Scheme XH is 
converted to the oxime 7-Sdieme XH with hydroxylamine in H2O. 7-Schenie XII is 
converted to the hydroxylamine S-Scheme Xn by reduction witfi sodium cyano 
borohydride in methanol. S-Scteme X is amverted to the hydroxyureas 9-Scheme XH by 
the procedure of Adams et al (WO 91/14674 published 3 October 1991). 




X = 0/S 



SCHEME ym 

In the above noted Scheme, the alcohol 10-Scheme Xm may be prepared by 
reducing the ketone of 6-Scheme Xm with a suitable reducing agent, such as NaBH4. 
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own 



Scheme XV 

A specific example is mustrated in scheme X\a below 11 of the Synthetic 

Experimmtals). 
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SCHEME XVf 



The ketone 1 (Scbeme XVII) can be xeacted with any organoxnettalic reagent (RiM) 
5 to afford the corresponding alcohol 2 ( wherein Ri can be hydrogen or any optionally 

substituted alkyl aiyl, arylalkyl, heterocydic, heterocyclic alkyl, etc. moiety). The alcohol 
2 can be converted to the neopentyl amine 3, by using the classical Ritter reaction well 
known by those of skill in the art The amine 3 can be acylatcd or sulfonylatcd. The 
ketone 1 can be can be transformed into an spirooxirane 4 by reagents such as 
iO dimeAylsulfonium metl^lide and dimethyl sulfoxonium methylide. The oxirane 4 can be 
ring op»ed with a plethora of nucleophiles such as hydroxides, thiolatcs, amines, 
oiganometallic reagents (such as the well known organo-cuprate or organo-aluminum 
reagents, etc.). 
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5. R, « CH20H.CH2SH.CH2NH2, 

Optionanysubst AlkyI or Aryl 

SCHEME XVn 



The ketone 1 -Scheme XVn may also be subjected to reductive aminatioo 1^ ai^ 
5 primaiy or secondaiy amines to aiford amines 6-Scheme XVm. 

O 



RiR2NH/EtOH 

or MeOH. NaCNBt^ 





Ri andF^canbeanyalkyioraiyl 
giDup.Ri and can also be a part of a ring 

X»CVS 

SCHEME XVm 

Suitable protecting groups fat use with bydroxyl groi^ and the imidazole nitrogen are well 
known in the ait and desoibed in mai^ rrfoences. for instance. Protecting Groups in 
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Organic Synthesis. Greene T W, WUey-Intersdence, New York. 1981 . Suitable examples 
of hydioxyl protecting groups include silyl ethers, such as t-butyldimethyl or t- 
butyldiphenyl. and alkyl ethers, such as methyl connected by an alkyl chain of variable link, 
(CRioR20)n- Suitable exanq>lesofiinidazole nitrogen protecting groiqs include 
5 tetrahydropyranyl. 

Pha rm acenticaUy add addition salts of compounds of I^nmula (D may be obtained 
in known manner, for example by treatment thereof with an appropriate amount of add in 
the presence of a suitable solvott. 

10 METHODS OF TREATMRNT 

The compounds of Formula (I) or a pharmaceutically acceptable salt thereof can be 
used in the manufacture of a medicament for the prophylactic or therapeutic treatment of 
any disease state m a hunun, or odier niaminal, which is exacerbated or caused by 

excessive or unregulated cytokine production by such mammal's cell, such as but not 
IS limited to monocytes and/or niaczo(riuiges. 

Conqwunds of Formula (I) are c^Mbie of inhibitmg ptdnflammatory cytokines, 
such as IL-l,IL-6,IL-8 and TNF and are therefore ofuse in therapy. n^I, IL-6. IL-8 and 
TNF affect a wide variety of ceUs and tissues and these cytokines, as weD as other 
leukocyte-derived cytokines, are inqwttant and critical mflammatory mediators of a wide 

20 variety of disease states and conditirais. The inhibition of these pro-inflammatory cytddnes 
is of benefit in controlling, reducing and alleviating many of these disease states. 

Conqxxmds of Formula (1) are c^»ble of mhibiting mducible proinflammatory 
proteins, such as COX-2, also lefened to by many other names such as prostaglandin 
endoperoxide synthase-2 (PGHS-2) and are therefore of use in therapy. These 

25 p romfl a mm at m y li^nd mediators of the <yclo<»Lygenase (CO) pathway are produced by the 
indudble CQX-2 enzyme. Regulation, therefore of COX-2 which is responsible for the 
these products doived fr(»n arachidonic add. sudi as prostaglanduis affect a wide variety 
of cells and tissues are important and critical inflammatcgy mediators of a wide variety of 
disease states and conditions. Expression of COX-1 is not effected by compounds of 

30 Formula (1). This sdective inhibition of COX-2 may alleviate or spare ulcerogeaiic liability 
associated with inhiWtion of COX-1 thereby inhibiting prostoglandins essential for 
cytoprotective effects. Thus inhibition of these pro-inflammatory mediators is of boiefit m 
controlling, reducing and alleviating many of these disease states. Most notably these 
infl a mmato ry mediators, m particular prostaglandins, have been imphcated in pain, such as 

35 in the sensitization of pain receplois, or edema. This aspect of pain management therefore 
indudes treatment of neuromuscular pain, headache, cancer pain, and arthritis pain. 
Compounds of Formula 0) or a pharmaceutically acceptable salt thereof, are of use m the 
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prophylaxis or therapy in a human, or other maniznal» by inhibition of the synthesis of the 
COX-2 enzyme. 

Accordingly, the present invration provides a method of inhibiting the synthesis of 
COX-2 which comprises administering an effective amount of a compound of Formula (I) 
S or a pharmaceutically acceptable salt thereof. The present invention also provides for a 
method of prophylaxis treatment in a human, or other mammal^ by inhibition of the 
synthesis of the COX-2 enzyme. 

Accordingly, the present invention provides a n^od of treating a cytokine- 
mediated disease which conqirises administering an effective cytokine-interfering amount 
10 of a conq)Ound of Formula (I) or a pharmaceutically acceptable salt thereof. 

In pardcular, coiqx>unds of Fbrmula (I) or a frfiarmaceutically acceptable salt 
thereof are of use in the prophylaxis OTther^)y of any disease state in ahuman, or other 
mammal, which is exacerbated by or caused by excessive or unregulated IL-1« IL-8 or TNF 
producticm by such mammal's cdl, such as, but not limited to* monocytes and/or 
IS macrophages. 

Accordingly, in another aspect, this invration relates to a method of inhibiting the 
production of ILr 1 in a mammal in need thereof which comprises administering to said 
mammal an effective amount of a compound of Formula (I) or a pharmaceutically 
acceptable salt thereof. 

20 There are naai^ disease states in which recessive or uiuegulatedIL-1 production is 

implicated in exacerbating and/or causing die disease. These include rheumatoid arthritis, 
osteoarthritis, stroke, endotoxemia and/or toxic shock syndrome, oth^ acute or chronic 
inflammatoiy disease stales sudh as the inflanunatory reaction induced by endotoxin or 
mflammatory bowel disease, tuboculosis, atherosclm>sis, muscle degeneration, multiple 

25 sclerosis, cadbtexia, bone resorption, psoriatic arthritis, Reiter^s syndrome, rheumatoid 

ardiritis, gout, traumatic arthritis, rubella arthritis and acute synovitis. Recent evidence also 
links IL-1 activity to diabetes, pancreatic B cells and Alzheimer's disease. 

In a further aspect^ this invention relates to a method of inhibiting the production of 
TNF in a m a m mal in need thereof which coiiq)rises administCTng to said mamfnai an 

30 efifectrve amount of a compound of Formula (I) or a pharmaceutically acceptable salt 
tiiereof. 

Excessive or unregulated ThS^ production has been irxq>Ucated in medial 
exacerbating a nuniber of diseases including rheumatoid arthritis, rheumatoid spondylitis, 
osteoarthritis, gouty arthritis and other arthritic conditions, sepsis, septic shock, endotoxic 
35 shock, gram negative sepsis, toxic slKx:k syndrome, adult re^matoiy distress syndrome, 
stroke, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, pulmonary 
sarcoisosis, bone resorption diseases, such as osteoporosis, reperfusion injury, graft vs. host 
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reaction, all graft rcjecti ns, fever and myalgias due to infection, such as influenza, 
cachexia secondary to infecti n or nialignancy, cachexia secondary to acquired immune 
deficiency syndrome (AIDS), AIDS, ARC (AIDS related complex), keloid formation, scar 
tissue formation, inflammatory bowel disease, Cr hn*s disease, ulcerative colitis and 
5 pyresis. 

Confounds of Formula (I) are also useful in the treatmmt of viral Infections, where 
such viruses are sensitive to upregulation by TNF or wiD elicit TNF production in vrw. 
The viruses contemplated for treatment hCTein are those Aat produce TNF as a lesult of 
infection, or those which are sensitive to inhibition, such as by decreased replication, 

10 direcUy or indiiecUy, by the TNF inhibiting-compounds of Formula (1 ). Such viruses 
include, but are not limited to HIV-1, HIV-2 and HIV-3, Cytomegalovirus (CMV). 
Influenza, adenovirus and the Herpes group of viruses, such as but not limited to. Herpes 
Zoster and Herpes Simplex. Accordingly, in a further aspect, this invention relates to a 
method of treating a mammal afflicted with a human immunodeficiency virus (HIV) which 

15 coirq>rises administering to such mammal an effective TNF inhibiting amount of a 
corrqKwnd of Fonnula (I) or a pharmaceutically acceptable salt thereof. 

ConqxHinds of Formula (I) may also be used in association with the veterinary 
treatment of mammals, otfjcr than in humans, in need of inhibition of TNF production. 
TNF mediated diseases for treatment, therapeutically or prophylactically, in animals include 

20 disease states such as those noted above, but in particular viral infections. Examples of 
such viruses include, but are not limited to, lentivirus infections such as, equine infectious 
anaemia viras, cq)rine arthritis virus, visna virus, or maedi virus or retrovirus infections, 
such as but not limited to feline immunodeficiency virus (FTV). bovine immunodeficiency 
virus, or canine immunodeficiency virus or other r^roviral infections. 

25 The compounds of Fommla (I) may also be used topically in the treatment or 

prophylaxis of topical disease states mediated by or exacobated by excessive cytokine 
producticm, such as by IL-1 or TNF respectively, such as inflamed joints, eczema, contact 
dmnititis, psoriasis and other inflanmiatory skin conditions such as sunburn; inflammatoiy 
eye conditions including conjunctivitis; pyresis, pain and other conditions associated witfi 

30 inflanmiation. 

Compounds of Formula (I) have also been shown to inhibit the production of IL-8 
(Interleukin-8, NAP). Accordingly, in a further aspect, this invention relates to a method of 
inhibiting the production of IL-8 in a mammal in need thereof which comprises 
administering to said manmial an effective amount of a conq)ound of Formula (I) or a 
35 pharmaceutically accqitable salt ttereof. 

There are many disease states in which excessive or unregulated IL-8 production is 
inqplicated in exac^ating and/w causing tl» disease. These diseases are characterized by 
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massive neutrophil infiltration such as, psoriasis, inflanunatory bowel diseas , asthma, 
cardiac and renal reperfiision injury, aduh respiratory distress syndrome, thrombosis and 
glomerulonephritis. All of diese diseases are associated with increased 0^-8 production 
which is responsible for the chemotaxis of neutrophils into the inflammatory site. In 
5 contrast to other inflammatory cytokines (JL-U TNF, and IL-6), IL*8 has the unique 
property of promoting neutrophil chemotaxis and activation. Therefore, the inhibition of 
IL-8 production would lead to a direct reduction in the neutrophil infiltration. 

The compounds of Formula (I) are administ^ed in an amount sufficient to inhibit 
cytokine, in particular IL-1, IL-6, IL-8 or TNF, production such that it is regulated down to 

10 normal levels, or in some case to subnormal levels, so as to ameliorate or prevent the 

disease state. Abnormal levels of IH, IL-6, lLr% or TNF. for instance in the context of the 
presmt invmtion, constitute: (i) levels of free (not cell bound) IL-1, IL-6, IL-8 or TNF 
greater than or equal to 1 picogram per ml; (ii) any cell associated n^l, IL-6, IL-8 or 
TNF; or Oui) the presence of IL- 1 , IL-6. IL-8 or TNF mRNA above basal levels in ccUs or 

15 tissues in which n^l.IL^.n^SorTNF. respectively, is pioduced. 

The discovery that the compounds of Formula (I) are inhibitors of cytokines, 
specifically IL-1, IL-6, IL-8 and TNF is based upon tte effects of the conqiounds of 

Formulas (I) on the production ofthen^l. 11^8 and TNF in mvi^o assays which are 
described herein. 

20 As used herein, the term **inhibiting the production of IL- 1 (IL-6, IL-8 or TNF)" 

refers to: 

a) a decrease of excessive m vivo levels of the cytokine (IL-1, IL-6. IL^ or TNF) 
in a human to normal or sub-normal levels by inhibition of the m vm> release of the 
cytcddne by all cells, including but not limited to nxmocytes macrophages; 
25 b) a down regulation, at the genomic level, of excessive in vivo levels of the 

cytddne (IL-1, IL-6, IL-8 or TNF) in a human to normal or sub-normal levels; 

c) a down regulation, by inhibition of the direct synthesis of the cytokine (IL-1, 
IL-6, IL-8 or TNF) as a postranslational event; or 

d) a down regulation, at the translational level, of excessive in vivo levels of the 
30 cytokine (DL-l. IL-6, IL-8 or TNF) in a human to normal or sub-normal levels. 

As used herein, the term TNF mediated disease or disease state" refers to any and 
all disease states m which TNF plays a role, either by production of TNF itself, or by TNF 
causing another moncridne to be released, such as but not lunited to IL-1, IL-6 or IL-8. A 
disease state in which, for instance. IL- 1 is a major conqx>nent. and whose production or 
35 action, is exacerbated or secreted in response to TNF. would therefore be considered a 
disease stated mediated by TNF. 
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As used heroin, the tenn "cytokine" refers to any secreted polypeptide that affects 
the functions f cells and is a molecule which modulates interactions between cells in the 
immune, inflammatory or hematopoietic response. A cytokine includes, but is not limited 
to. mcmokines and lymi^okines, regaidless f which cells produce ttiem. For instance, a 
monokine is generally refened to as being produced and secreted by a mononuclear cell, 
such as a maopphage and/or monocyte. Many other cells however also produce 
monokines, such as natural killer cells, fibroblasts, basophils, neutrophils, endothelial cells, 
brain astrocytes, bone marrow stromal cells, epideral keratinocytes and B-lynq)hocytes- 
Lymphokines arc generally referred to as being produced by lynq)hocyte cells. Examples 
of cytokines include, but arc not limited to, Interleukin-1 (DL-1), Interleukin-6 (IL-6), 
Interleukin-8 (IL^8), Tumor Necrosis Factor-alpha (TNF-a) and Tumor Necrosis Factor 
beta (TNF-6). 

As used herein, tte term "cytcddne int^ering" or "cytokine suppressive amount" 
refers to an effective amount rf a compound of Formula (I) which will cause a decrease in 
15 the in vivo levels of the cytokine to normal or sub-normal levels, when given to a patient 

for the prophylaxis or treatment of a disease state which is exacerbated by, ^ 

excessive or unrcgulated cytokine production. 

As used herein, the cytokine rcfinred to in the phrase "inhibition of a cytddne, for 

use in the treatment of a HIV-infected human" is a cytokine which is iiiq)licated in (a) the 
20 initiation and/or maintenance of T cell activation and/or activated T cell-mediated HIV 

gene expression and/or rq>lication and/or (b) any cy tokine-mediated disease associated 

problem such as cachexia or muscle degeneration. 

As TNF-B (also known as lymphotoxin) has close structural homology with TNF-a 

(also known as cachectin) and once each induces similar biologic responses and binds to 
25 the same ccUularrecq)tor, both TNF-a and TNF-B are inhibited by the co^ 

presCTt invention and thus are herein refened to collectively as TNF" unless specifically 

delineated otherwise. 

A new member of the MAP kinase faanily, alternatively termed CSBP, p38, or RK, 
has been identified indepaidcntly by several laboratories recently [See Lee et al.. Nature, 

30 Vol. 300 n(72). 739-746 (1994)]. Activation of this novel protein kinase via dual 

phosphorylation has been observed in diffaent cell systems upon stimulation by a wide 
spectrum of stimuli, such as physicochemical stress and treatment with lipopolysaccharide 
or proinflanmiatoiy cytokines such as interleukm-1 and tumor necrosis factor. The ^ 
cytokine biosynthesis inhibitors, of the present invention, conq>ounds of Formula (I), have 

35 been determined to be potent and selective inhibitors of CSBP/^38/RKkmase activity. 
These inhibitors are of aid in detCToining the signaling pathways involvement in 
infl a mm a to ry responses. In particular, for the first time a definitive signal transduction 
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pathway can be prescribed to Ae action of lipopoly saccharide in cyt kine production in 
maciophages. In addition to those diseases already noted, treatment of stroke, neurotrauma, 
cardiac and renal rep^fiision injury, thrombosis, glomerulonephritis, diabetes and 
pancreatic P cells, multiple sclerosis, muscle degeomdon , eczema, psoriasis, sunburn, and 
5 conjunctivitis are also included. 

The cytokine inhibitors were subsequently tested in a number of aninud models for 
anti-inflammatory activity. Model systems were chosen that were relatively insensitive to 
cyclooxyg^iase inhibitors in order to reveal the unique activities of cytokine suppressive 
agents. The iiihibitors exUbited sigtiificant activity in rnany such in vivo studies. Most 

10 notable are its effecdveness in the collagen-induced arthritis nxxiel and inhibidon of TNF 
production in the endotoxic shock model. Li die latter study, the reduction in plasma level 
of TNF OHielated with survival and protection fiom endotoxic shock related mentality . 
- Alsoof great in(q)ortanoe are die oompouiidseffectiveriess in iiihibitingborie 
rat fetal long bone organ culture system. Griswold et al., (1988) Arthritis Rheum. 31:1406- 

15 1412; Badger, et al., (1989) Circ. Shock 27, 51-61; Votta et al., (1994)m vrYra Bone 15, 
533-538; Lee et al., (1993). B Ann. N. K Acad ScL 696, 149-170. 

In order to use a compound of Fcmnula (I) or a phannaceutically acceptable salt 
ttoreof in therapy, it will normaUy be Formulated into a pharmaceutical composition in 
accordance with standard pharmaceutical practice. This invention, therefore, also relates to 

20 a pharmaceutical conqiositicm compri^g an effective, non-toxic amount of a compound of 
Formula (I) and a phannaceutically acceptable carrier or diluent. 

. Compounds of Formula pharmamtfically acceptable salts thereof and 
pharmaceutical conq)Ositions in co rporating such may ccmvraientiy be administered by any 
of the routes conventionally used for drug administration, for instance, (Mally, topically, 

25 parentmlly orbyinhalatiotL Thecorxq)Ourulsof F(Hmula(I)rriay beadrniriisteredin 
conventiorml dosage forms prepared by combining a compound of formula (I) with 
standard pfaariiiaceutical carriers accordirig to conventional procedures. The compounds of 
Formula (I) may also be administered in conventional dosages in combination with a 
known, second therapeuticaUy active compound. These procedures may involve mixing, 

30 grarudating and compressing or dissolving die ingredirats as appropriate to the desired 
preparatim. It will be gipreciated that the form and rhar^cfffr th*^ pharmi^'tiralfy 
accqmible character or diluent is dictated by die amount of active ingredient with which it 
is to be combined, the route of admirustraticm and oOaer well-known variables. The 
carrier(s) must be "acceptable" in die sense of being corrqiatible with the other ingredients 

35 of the Formulation and not deleterious to the recipient thereof. 

The {diarmacoitical carrier employed may be, for example, either a solid or liquid. 
Exemplary of solid carriers are lactose, tcm alba, sucrose, talc, gelatin, agar, pectin, acacia, 
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magnesium stearate, stearic acid and the like. Exemplary of liquid carriers are syrup, 
peanut il, olive oil, water and the like. Similarly, the carrier or dUuent may include time 
delay material wcU known to the art, sudi as glyceryl mono-stearate or glyceryl distearate 
alone or with a wax. 

5 A wide variety ofpharmaceutical forms can be employed. Thus, if a solid carrier is 

used, the preparation can be tableted, placed in a hard gelatin cq)sule in powder or pellet 
form or in the form of a troche or lozenge. The amount of solid carrier will vary widely but 
preferably will be from about 25 mg. to about Ig. When a liquid carrier is used, the 
preparation will be in the form of a syrup, emulsion, soft gelatin capsule, sterile injectable 

10 liquid such as an ampule or nonaqueous liquid suspension. 

Compounds of Formula (I) may be administered topicaUy, that is by non-systraiic 
administration. This includes the application of a compound of Formula (I) externally to 
the epidomis or the buccal cavity and the instillation of such a compound into the ear, eye 
and nose, such that the conqxMmd does not signifk:antlyente^ Incontrast, 

15 systemic administration refers to oral, intravenous, intraperitoneal and intramuscular 
administration. 

Formulations suitable for topical administration include liquid or semi-liquid 
preparations suitable for penetration through the skin to the site of inflflmTTMifjon such as 
liniments, lotions, creams, ointments or pastes, and drops suitable for administration to the 

20 eye, ear or nose. The active ingredient may comprise, for topical administration, from 
0.001% to 10% w/w, for instance ficom 1% to 2% by weight of the Formulation. It may 
however comprise as much as 10% w/w but preferably will comprise less than 5% w/w, 
more preferably from 0.1% to 1% w/w of the Formulation. 

Lotions according to the present inventicm include those suitable for applicaticxi to 

25 theskinoreye. An qre lotion niay con^irise a sterile aqueous solution qpticmally 
containing a bactericide and may be prq>ared by methods similar to those for the 
preparation of drops. Lotions or liniments for application to the skin may also include an 
agent to hasten drying and to cool the skin, such as an alcohol or acetone, and/or a 
moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

30 Creams, ointments or pastes according to the present invention are semi-solid 

Formulations of the active ingredient for external application. They may be made by 
mixing the active ingredient in finely-divided or powdered fonn, alone or in solution or 
suspension in an aqueous or non-aqueous fluid, with the aid of suitable machinery, with a 
greasy or non-greasy base. The base may comprise hydrocaibons such as harxl, soft or 

35 liquid paraffin, glycerol, beeswax, a metallic soap; a mucilage; an oil of natural mgin such 
as afanond, com, arachis, castor or olive oil ; wool fat or its derivatives or a fatty acid such 
as steric or oleic acid together with an alcohol such as propylene glycol or a macrogel. The 
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Foimulatioii may incozporate any suitable surface active agent such as an anionic* cationic 
or non-ionic surfactant such as a sorbitan esto* or a polyoxyethylene derivative thereof. 
Suspending agents sudi as natural gums, cellulose derivatives or inoiganic materials such 
as silicaceous silicas, and ther ingredients such as lanolin, may also be included. 
5 Drops according to the present invention may comprise st^le aqueous or oily 

solutions or suspensions and may be prepared by dissolving the active ingredient in a 
suitable aqueous solution of a bactericidal and/or fungicidal agent and/or any other suitable 
preservative, and preferably including a surface active agent The resulting solution may 
then be clarified by filtration, transferred to a suitable container which is then sealed and 
10 sterilized by autoclaving or maintaining at 98-100^ C. for half an hour. Alternatively, the 
solution may be sterilized by fiOltration and transferred to the container by an aseptic 
technique. Examples of bactmddal and fungicidal agents suitable foi inclusion in tibe 
drops are phenyhnercuric nitrate or acetate (0.002%), benzalkonium chloride (0.01%) and 
chlorfiexidine acetate (0.01%). Suitablesolventsfortheprcparationof an oily solution 
IS include glycerol, diluted alcohol and propylene glycol. 

Conqjounds of formula (I) may be administered parenterally, that is by intravenous, 
intramuscular, subcutaneous intranasal, intrarectal, intravaginal or intraperitoneal 
administration. The subcutaneous and intramuscular forms of parent^ administration are 
gmerally preferred Appropriate dosage forms for such administration may be prepared by 
20 conventional techniques. Compounds of Formula (I) may also be administered by 

inhalation, that is by intnuiasal and oral inhalation adnunistratira^ Api»x>priate dosage 
forms for such administration, such as an aerosol Formulatim or a metered dose inhalo*, 
may be |»epared by conventional techniques. 

For all mediods of use disclosed herein few the confounds of Formula (I), Ae daily 
25 oral dosage regimen will preferably be from about 0. 1 to about 80 mg^ of total body 
weight, preferably ftom about 0^ to 30 mg/kg, more preferably fiom about 0.5 mg to 15 
mg. The daily parenteral dosage regimen about 0.1 to about 80 mg/kg of total body weight, 
preferably from about 0^ to about 30 mg/kg, and more preferably from about 0.5 mg to 15 
mg/kg. The daily topical dosage regunen wiU preferably be from 0.1 mg to 150 mg, 
30 administered one to four, preferably two or three times daily. The daUy inhalation dosage 
regiinenwiUprefenibly be from about 0.01 mg/kg to about 1 mg/kg per day. ItwiUalsobe 
recognized by one of skill in the art that the optimal quantity and spacing of individual 
dosages of a confound of Fmnula (D or a pharmaceutically accq>table salt thereof will be 
determined by the nature and extent of the condition being treated, the form, route and site 
35 of administration, and the particuhir patient being treated, and that such optunums can be 
determined by conventional techniques. It wiU also be appreciated by one of skiUm the art 
that the optimal course of treatment, i.e., tiie number of doses of a compound of Formula 
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(I) or a phannaceuticaUy acceptable salt thoeof given per day for a defined number of 
days, can be asceitained by those skilled in the an using cmventional course of treatment 
detenninati<m tests. 

The inventicm wiU now be desoibed by reference to the following biological 

5 exanqiles which are moelyiUustrative and are not to be otnstnied as a limitation of the 
scope of the present inventiofi. 

BIOLOGICAL EXAMPI.BS 

The cytokine-inhibiting effects of conqxMmds of the present invention were 
10 determined by the following in vitro assays: 
InterlenldB-l(IL-l) 

Homan peiiphnal bhxxl monocytes are isolated and purified fit>m cither fiesh blood 

pepaiations firemi volmiteer dcmoR. w firom blood bank buffy coats, acconiing to 
procedure of Oilotta et al, J Immunol, 132, 936 (1984). Tliese monocytes (IxlO^) are 

15 plated in 24-weU plates at a concentration of 1-2 million/knl per weU. The cells are aUowed 
to adhere for 2 hours, after whidi time non-adherent cells are removed by gentle washmg. 
Test con^xMmds are then added to the cells for about 1 hour brfore die addition of 
lipopolysaccharide (50 ng/ml), and the cultures are incubated at 370C for an additional 24 
hours. At the end of this period, culture supematants are removed and clarified of cells and 

20 all debris. Culture supematants are then immediately assayed for IL- 1 biological activity, 
either by the method of Simon et al., J. Inununol. Methods, 84, 85, (1985) (based on ability 
of IL-1 to sthnulate a Laterleukin 2 producing cell line (EL-4) to secrete IL-2, in concert 
with A23187 ionophore) or the method of Lee etal., J. ImmunoTheiapy, 6 (1), 1-12 (1990) 
^USAass^). Rqnesentative compounds of Fnmula (I), Example 2, demonstrated 

25 piDsitive inhibitoiy activity against IL-1. 

Tnmour Necrosis Factor (TNF): 

Human peripheral blood numocytes are isolated and purified from either blood bank 
bufiy coats or platele^heresis residues, according to the procedure of Colotta, R. et al., J 

30 Immunol, 132(2), 936 (1984). The monocytes are plated at a density of 1x10^ cells/ml 
medium/well in 24-welI multi-dishes. The cells are allowed to adhoe for 1 hour afto^ 
vAuch time the suponatant is aspiiated and fiesh medium (1ml, RPMI-I640, Whitaker 
Biomedical Products, Whitaker. OA) containing 1% fetal calf serum plus penicillin and 
strq)ttHiiycin (10 units/ml) added. The ceUs are incubated for 45 minutes in the presence or 

35 absence of a test compmmd at InM-lQmM dose ranges (compounds are solubilized in 
dirndl sulfoxide/iohanol, such that the final solvent concentration in tbc culture medium 
is 0 J% dimediyl sulfoxide/0.5% ethanol). Bacterial lipopoly-saccharide (£. colt 05S:B5 
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[LPS] fiozn Sigma Chemicals Co.) is tben added (100 ng^ in 10 ml phosphate buffered 
saline) and cultures incubated for 16-18 hours at 3TC in a 5% CO2 incubator. At the end 

of the incubation period, culture siqpematants are removed fiom the cells, centrifuged at 
3000 rpm to remove ceUdelnis. The supernatant is Ihen assayed for TNF activity using 
S either a radio-immuno or an EIISA assay, as described in WO 92/10190 and by Becker et 
aL, J Immunol, 1991, 147, 4307. Representative compounds of Formula (I), Exaiiq>le 2 
demonstrated positive inhibitory activity against TNF. 

IL-1 and TNF inhibitory activity does not seem to correlate with the property of the 
compounds of Formula (I) in mediating arachidonic acid metabolism inhibition. Further 
10 the ability to inhibit production of prostaglandin and/or leukotnene synthesis, by 

nonsteroidal anti-inflammatory drugs with potent cyclooxygenase and/or lipoxygenase 
inhibitory activity does not mean that the coiqx>und will necessarily also inhibit TNF or 
ILrl production, at non-toxic doses. 

15 In vivo TNF assay: 

While the above indicated assay in an in vitro assay, the conqxxmds of 
Formula (I) may also be tested in an in vivo system such as described in : 

(1) Griswold et oL^ Drugs Under Exp, and ninical R#.g VTY (6), 243-248 (1993); 

or in 

20 (2) Boehm, et al.. Journal Of Medicinal Chemistry 39, 3929-3937 (1996) whose 

disclosures are incorporated by refeiraoe herein in thehr entirety. 

Using the assay described above, represoitative compounds of Formula (I), 
Examples 1 and 6 to 11 demonstrated positive inhibitoiy activity of <SOuM in this assay. 

25 Intarleukin *8 (IL-8 ): 

Primary human umbilical cord endothelial cells (HUVEC) (Cell Systems, Kirland, 
Wa) are maintained in culture medium supplemented with 15% fetal bovine serum and 1% 
CS-HBGF consisting of aFGF and heparin. The cells are then diluted 20-fold before being 
plated (2S0|d) into gelating coated 96-well plates. Prior to use, culture medium axe 

30 replaced with fresh medium (200)d). Buffer or test conq)Ound (25(il, at concratrations 

between 1 and lOfiM ) is then added to each well in quadruplicate wells and the plates 

incubated for 6h in a humidified incubaUH- at 37''C in an atmosidim of 5% CO2. Atthe 

end of the incubation period, siqmnatant is removed and assayed for IL-8 concmtration 

using an IL-8 EUSA kit obtamed firom R&D Systems (Mumeapolis, NIN). All data is 
35 presented as mean value (ng/ml) of multiple samples based on the standard curve. ICso's 

where appropriate are generated by non-linear regression analysis. Representative 



-45- 



wo 97/25048 



PCT/US97/00619 



compounds of Fonniila (1), Example 2. demonstrated positive inhibitoiy activity against 
IL-8. 

Cytokine Specific Binding Protein Assay 

A radioconipetiiive binding assay was developed to provide a highly reproducible 
5 primaiy screen for stnictUTD-activity studies. This assay provides many advantages over the 
conventional hioassays which utilize fireshly isolated human monocytes as a source of 
cytokmes and EUSA assays to quantify them. Besides being a much moie facile assay, the 
binding assay has been extensively validated to highly correlate with the results of the 
bioassay. A specific and reproducible cytokine inhibitor buuling assay was developed using 

10 soluble cystosolic fraction from THP.l cells and a radiolabeled compound. Patent 

Application USSN 08/123175 Lee et al., filed Sq)tember 1993, USSN; Lee et al., PCT 
94/10529 filed 16 September 1994 and Lee et al.. Nature 300. n(72), 739-746 (Dec. 1994) 
whose disclosures are incorporated by reference herein in its entirety describes the above 
noted method for screening drugs to identify compounds which interact with and bind to 

15 the cytokme specific binding protein (hereinafter CSBP). However, for purposes herein 
the bindmg protein may be in iscdated form in solution, or in immobilized form, or may be 
genetically engmeered to be expressed cm die surface of recombinant host ceDs such as in 
phage display system or as fusion protems. Alt»natively. whde cells or cytosolic fractions 
comprising the CSBP may be employed in the screening protocol. Regardless of the form 

20 of the binding protein, a jdurality of conqwunds arc contacted with the binding protein 
under conditions sufficient to form a conqpound/ binding protein complex and compound 
capable of forming, enhancing or interfering with said complexes are detected. 

Rqnesoitative conqKNiods of Formula (I), Exanq>les 1 to 8, have all demonstrated 
p(»itive inhibitmy activify of an IC50 of < 50uM in this binding assay. 

25 CSBP KINASE ASSAY- 

This assay measures the CSBP-catalyzed transfer of 32p fiom [a-32pjATP to 
thretHiine residue in an qudennal growth factor receptor ^FR)-derived pqitide 
(T669)witii the foUowing sequence: KRELVEPLTPSGEAPNQALLR (residues 
661-681). (See Galla^ et al., "Regulation of Stress Induced Cytokine Production' 

30 by Pyridinyl Imidazoles: Inhibition of CSPB Kinase", BioOrganic & Medicinal 
Chemistry, to be published 1996). 

Kinase reactions (total vohime 30 ul) contain: 25 mM Hepes buffer, pH 7.5; 
10 mM Mga2; 170 uM ATP(1); 10 uM Na ortho vanadate; 0.4 mM T669 peptide; 
and 20-80 ng of yeast-expressed purified CSBP2 (see Lee et al.. Nature 300, n(72), 

35 739-746 (Dec. 1994)). Compounds (5 ul from [6X] stock(2)) are pre-incubaied witfi 
the en^rme and peptide for 20 min on ice priw to starting the leacticms with 
32P/MgATP. Reactions are incubated at 30 for 10 min and stopped by adding 10 

-46- 



I 



wo 97/25048 



PCT/US97/00619 



ul of 0.3 M phosphoric acid. 32P-labeled peptide is separated on phosphocellulose 

(Wattiiiaii,p81)filteis by spotting 30 ul reaction mixture Filters are washed 3 times 
with 75 mM phosphcnic acid followed by 2 washes with H2O, and counted for 32P. 

0) The Km of CSBP for ATP was determined to be 170 uM. Therefore. 

S compounds screened at the Km value of ATP. 

(2) Compounds are usually dissolved in DMSO and are diluted in 25 mM 

Hepes buffer to get final concentration of DMSO of 0. 17%. 

Representative compounds of Formula (I), Examples 9 and 10, have demonstrated 
positive inhibitory activity of an ICsq <50uM in this kinase assay. 

10 ProstogUndin endoperoidde ^tliase-2 (PGHS-2) assay: 

The following assay describes a m^hod for determining the inhibitoiy effects of 
conqxiunds of Fomiula (J) on human PGHS-2 piotdn expression in LPS stimulated human 
monocytes. 

Method: Human peripheial blood monocytes were isolated from bufCy coats by 

15 centrifiigation through Ficoll and Peicoll gradients. Cells weto seeded at 2 X lO^/well in 
24 well plates and allowed to adhere for 1 hour in RPMI supplemented with 1% human 
AB serunu 20 mM L-glutamine, Penicillin-Streptomycin and 10 mM HEPES. 
Conq)ounds were added at various concentrations and incubated at 37^ for 10 minutes. 
LPS was added at 50 ng/well (to induce enzyme ex^nession) and incubated overnight at 

20 37^. The supernatant was renmved and cells washed once in cold PBS. The cells were 
lysed in lOO^I of cold lysis bufifer(SOmM Tris/HQ pH 7.S, ISOmM NaQ, 1% NP40. 
0.5% sodium deoxycholate* 0.1% SDS, 300ug^ml DNAse« 0.1% TRITON X-100, ImM 
PMSF, ImMleupeptin, ImMpepstatin). The lysate was centrifuged (10,000 Xg for 10 
min. at 4<K:) to rraiove debris and the soluble fraction was subjected to SDS PAGE. 

25 analysis (12% gel). Pmtein sqmrated on the gd wm transferred onto ititrocellulose 
membrane by electrcqdioretic means for 2 hours at 60 volts. The membrane was 
pretreated for one hour in PBSA).1% Tween 20 with 5% non-fat dry milL After washing 
3 times in PBS/Tween buff^, the membrane was incubated with a 1:2000 dilution of a 
monospecific antiserum to PGHS-2 or a 1: 1000 dilution of an antiserum to PGHs-1 in 

30 raSTTween with 1% BSA for one hour with continuous shaking. The membrane was 
washed 3X in PBS/Tween and then incubated with a 1:3000 dilution of horseradish 
peroxidase conjugated dontey antiserum to rabbit Ig (Amersham) in PBS/Tween with 
1% BSA for one hour with continuous shaking. The membrane was then washed 3X in 
PBS/Tween and the ECL immunod^ection ^stem (Amersham) was used to detect the 

35 level of ejqnession of prostaglandin oidoperoxide synthases-2. 

RESULTS: The following compounds were tested and found to be active (inhibited LPS 
induced PGHS-2 protein expression in rank order potency similar to that for inhibiting 

-47- 



wo 97/25048 



PCrAJS97/00619 



cytokine pnxhiction as n ted in assays indicated): 4-(4-Fluorophenyl)-2-{4- 
mcthylsulfinyIphenyI)-5-(4-pyridyl)inridazole, 6-(4-Huon)phenyl).23-dihydro-5-(4- 
pyridinyl)imidazo[2J-b]tIiiazoleandDexainetbasQn^^ Several compounds were tested and 
found to be inactive (up to lOuM); 2-<4-Methylsulfinylphcnyl)-3-(4i)yiidyl)-6,7^ydro- 
5 {5H>pyrrolo[l >a]imidazole. rolipram, {dioiidone and NDGA. None of these compcmnds 
tested woe found to inhibit PGHS- 1 or cPLA2 protein levels in similar experiments. 

TNF-g in Traumatic Brain Ti^piry A^^^y 

The present assay provides for examination of the expression of tumor 

10 necrosis factor mRNA in specific brain regions which follow experim^itaUy induced 
lateral fluid-percussion traumatic brain injury (TBI) in rats. Adult Sprague-Dawley 
rats (n=42) are anesthetized with sodium pentobarbital (60 mg/kg, i.pO and subjected 
to lateral fluid-percussion brain injury of moderate severity (2.4 atm.) entered over 
the left temporapaiietal cortex (n^l8), or "sham" treatment (anesthesia and surgery 

15 without injury* n=18). Animals are sacrificed by decq)itation at 1,6 and 24 hr. post 
injury, brains removed, and tissue saxaplts of left (injured) parietal cortex (LC), 
corresponding area in the contralateral right cortex (RC), cortex adjacent to injured 
parietal cortex (LA), corresponding adjacent area in the right cortex (RA), left 
hippocans)us (LH) and right hippocan5)us (RH) arc prepared. Total RNA is isolated 

20 and Northern blot hybridization is perfmned and quantitated relative to an TNF-a 
positive control RNA (macrophage = 100%). A marked inaease of TNF- a mRNA 
expression is observed in LH (104±17% of positive control, p < 0.05 co^^)arcd with 
sham), LC (10S±21%, p< O.QS) and LA (69±8%. p < 0.01) in the traumatized 
hemisphere 1 far. following injury. An increased TNF- a mRNA expressicm is also 

25 observed in LH (46±8%. p < 0.05), LC (30±3%, p < 0.01) and LA (32±3%. p < 0.01) 
at6hr. wmch resolves by 24 far. foUowingmjury. In the contralateral hemisphere, 
expression of TNF- a mRNA is increased in RH (46±2%, p < 0.01), RC (4±3%) and 
RA (22±8%) at 1 hr. and in RH (28±1 1%). RC (7±5%) and RA (26±6%, p < 0.05) at 
6 hr. but not at 24 hr. following injury. In sham (surgery without injury) or naive 

30 animals, no consistent changes in expression of TNF- a mRNA is observed in any of 
the 6 brain areas in either hemisphoe at any times. These results indicate that 
following parasagittal fluid-percussion brain injury, the temporal expression of TNF- 
a mRNA is altered in specific brain regions, including those of the non-traumatized 
hemisphere. Since TNF- a is able to induce nerve growth factor (NGF) and 

35 stimulate the release of oibet cytokines from activated astrocytes, this post-traumatic 
alteration in gene expression of TNF- a plays an inqwrtant role in both the acute and 
rege»ierative response to CNS trauma. 
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CNS Ii^ttirv modei for IL-p mRNA 

This assay characterizes the regional expression of interleukin-lfi QL-IB) 
mRNA in specific hrain regions following experimental lateral fluid-pezx:iission 
5 traumatic brain injury (TBI) in rats. Adult Sprague-Dawley rats (n=42) are 
anesthetized with sodium pentobarbital (60 mg/kg, i.p.) and subjected to lateral 
fluid-percussion brain injury of modmte severity (2.4 atm.) centered over the left 
temporaparietal cortex (nsl8)» or **sham" treatment (anesthesia and surgery without 
injury). Animals are sacrificed at U 6 and 24 hr. post injury, brains removed, and 

10 tissue sanqiles of left (injured) parietal amex (LQ» conesponding area in the 
contralateral right cortex (RQ, cortex acQacent to injured parietal cortex (LA), 
conesponding adjacent area in the right cortex (RA), left hippocampus (LH) and 
right hippocaiiq>us(RH) were prepared. Total RNA is isolated and Noxtfaem blot 
hybridization is performed and the quantity of brain tissue IL-lfi mRNA is 

IS presented as percent relative radioactivity of IL-16 positive macrophage RNA 
which is loaded on same gel. At 1 hr. foUowing brain injury, a marked and 
significant increase in expression of IL-lfi mRNA is obs»ved in LC (20.0±0.7% of 
positive control, n=6, p < 0.05 compared with sham animal), LH (24.5±0.9%, 
p < 0.05) and LA (21.5±3 J%, p < 0.05) in the injured hemisphere, which remained 

20 elevated up to 6 hr. post injury in the LC (4.0±0.4%, n=6, p < 0.05) and LH 

(S.0±1.3%, p < 0.05). In sham or naive animals, no expression of IL*lfi mRNA is 
observed in any of the req)ective brain areas. These results indicate that following 
TBI, the tenqxxral expression of IL^lfi mRNA is regionally stimulated in specific 
brain regions. These regicmal changes in cytokines, such as IL-IB play a role in the 

25 post-traumatic pathologic or regenerative sequelae of tedn injury. 

SYNTHETIC EXAMPLES 

The invention will now be described by refermce to the following examples which 

are mmly illustrative and are not to be construed as a limitation of the scope of the present 
30 invention. All temperatures are given in degrees centigrade, all solvents are highest 

available purity and aU reactions run under anhydrous conditions in an argon atmosphere 

unless otherwise indicated 

In the Exaiiq>les, all temperatures are in degrees Centigrade (^C). Mass spectra 

were performed upon a VG Zab mass spectrometer using fast atom bombardment, unless 
35 othCTwise indicated. ^H-NMR (hereinafter "NMR") spectra were recorded at 250 MHz 

using a Bruker AM 250 or Am 400 ^)ectrometer. Multiplicities indicated are: s=singlet, 

d=doublet, t=triplet, q=quartet, m=multiplet and br indicates a Iwoad signal. Sat indicates a 
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saturaied solution, eq indicates the proportion of a molar equivalent of reagent relative to 
the princQ>al reactant 

Hash chramatt}grq>hy is ran over Mock SiUca gel 60 (230 - 400 mesh). 

Example 1 

5 H4-OxQCYCtohsatYlW4-fluproDhenvlk5^^^ 

a) 4-RuoroDhenvl-tolvlsnIfatwiinethvlfnrpiaim^ 

To a suspension of p-toluenesulfinic acid sodium salt (30 g) in H2O (100 mL) was 
added methyl t-butyl ether (50 mL) foUowed by dropwise addition of cone. HQ (15 mL). 
After stirring 5 min., die organic phase was removed and the aqueous i^iase was extracted 

10 with methyl t-butyl ether. The organic phase was dried (NajSO*) and concentrated to near 
diyiwss. Itocane was added and the fiee acid was filtered. The p-toluenesulfinic acid (22 g. 
140.6 nunol). p-fluorobenzaldehyde (22 mL, 206 mmol), fonnamide (20 mL, 503 mmol) and 
camphor suljdioDic add (4 g, 173 mmol) were combined and stiired at 60°C 18 h. The 
. resulting soUd was broken up and stiired with a mixture of MeOH (35 mL) and hexane (82 

15 mL) then filtered. The solid was resuspcnded in MeOIMiexane (1:3, 200 mL) and stined 
vigorously to break up remaming chunks. FUtration afGnded the title conqpound (27 g, 62 % 
yield), 'h NMR (400 MHz, CDQ,): 5 8.13 (s. IH), 7.71 (d, 2H). 7.43 (dd. 2H). 7.32 (d. 
2H), 7.08 (t. 2H), 6J4 (d. IH). 2.45 (s, 3H). 

b) 4-FluoroDhenvl-tolvkulf onomethvliMyrYa nf^^g 

20 The compound in the previous step (2.01g, 6.25 nmiol) in ethyleneglycol dimethylether 
(DME) (32 mL) was cooled to -10»C. POQj (1 .52 mL, 16.3 mmol) was added foUowed 
by the dropwise addition of triediylamine (4.6 mL, 32.6 mmol) in DME (3mL) keeping the 
internal tempecature bdow -5»C. The mixture was gradually wanned over 1 h., quenched 
inHjOand^tractedwitbEtOAc. The organic phase was washed widi saturated aqueous 

25 NaHCX>3, dried (Ni^S04), and concmtiated. The resuhmg residue was tiituiated widi 
peODleum ether and filtered to afford the tide conq>ound ( 1.7 g, 90% yield). 'H NMR 
(CDQa): 5 7.63 (d, 2H). 7.33 (m, 4H). 7.10 (t, 2H). 5.60 (s. IH), 2.50 (s. 3H) 

c) 2-N-MethvlthiOPVrimidine-4-carfioTaldeh Y de dimethyl ar«ral 

Pyruvic aldehyde dimethyl acetal (60 mL, 459 mmol) and N,N-dimethyl fonnamide 
30 dimethyl acetal (60 mL. 459 nunol) were stirred together at 100*C for 18 h. The mixture 
was cooled. Methanol (300 mL), thiourea (69.6 g) and sodium methoxide (23 1 mL. 25 
wt% in MeOH) w«e added to the above mixture and stined at 70°C for 2 h. After cooling, 
iodometfiane (144 mL) was added dropwise and the mixture was sdrred 3 h. at room temp. 
After dUuting with EtOAc and H2O, tte or^c phase was sqMuated, dried (N^S04),and 

35 concmtrated to yidd the tide compound as a brown oU (75.5 g, 82% yield). 'H NMR 
(CDQa): 5 8.17 (d. IH), 6.77 (d, IH). 5.15 (s, IH). 3.40 (s, 6H). 

d) 2-Methvlthioimiroidine-4-carfaoxaldehy^^ 

-50- 



W0 97/25<M8 PCT/US97y006l9 

A mixtuie of tbe compound from the previous step (10.04 g, 55 mmol) in 3N HQ (45 mL) 
was stiired at 4TC for 24 h. After cooling EtOAc was added followed by die addition of 
solid NaHCOs. The aqueous phase was extracted with EtOAc (4 x 100 mL). The organic 
phases were combined, dried (Na2S04X and concentrated to afford the title compound as a 
5 yeUow foam.*H NMR (CDQa): 8 ^.95 (s, IH), 8 J7 (d. IH), 7,43 (d, IH), 2.63 (s. 3H). 

e) l-Aniino^fl3-dioxvcvcloDentvlWclohexme 

To a mixture of 1,4-cyclotexanedione monoethylene ketal (27.6 g, 177 mmol) and 
hydroxylamine hydrochloride (49:2 g, 708 mmol) in H2O (250 mL) was added portionwise 
Na2C03 (49.2 g, 547 mmol). After stining 1 h, the mixture was extracted with EtOAc. 

10 The organic phase was dried (Na2S04) and concentrated affording 4*( 1 3- 

dioxycyclopentyl)-cyclohexanone oxime (27.5 g. 90% yield). The oxime (27.5 g. 161 
mmol), Raney Ni (ca 133 mL as a suqiension in EtOH) and EtOH (200 mL) were 
combined and shaken at 50 psiH2fi[v 4 h. Thecatalystwasfilteredoff and the filtrate was 
concentrated to afford the title conqmrnd as a colorless oil (23.6 g, 93% yield). NMR 

15 (CDQj): 6 2.64 (m. IH), 1.75 - 1.25 (m, 12 H). 

f) 2-Methvlthi0Dvrimidine^4-carfaQxaldehvder4>etfavlen^ 

A mixture of 2-methylthiopyriinidine-4-carboxaldehyde (9.5 g, 6.9 mmol) prepared in 
example 1 (d) and l-amino-4-(13-dioxyqrclopentyl)cycIohexane (10.8 g, 6.9 mmol) ftom 
the previous step were stirred in DMF (150 mL) 18 h. The title compound was used 
20 without any purification. *H NMR (CDQa): 5 8.51 (d, IH). 8^1 (s, IH). 7.53 (d. IH), 
3.93. (s, 4H), 3.40 (m. IH), 2.55 (s. 3H). 1.94 - 1.70 (m. 6H), 1.61 (m, 2H). 

g) W4-Ethvlene ketal fn.glr>h«yniTnirf5,^^]y^4-fluorophm^ SM2^ 
methvlthiQWrifmdin-4>Yn imiH5,y^]g 

To the oude product fipom the previous exanq>te in DI^ cooled to O^C 
25 fluorophenyl-tolylsulfonomethylisocyanide prepared in example 1(b) (26 g. 90 mmol) and 
K2CC)3 (15.7 g, 1 13.6 mmol). The mixture was stirred at 0*" C for 3 h. then gradually 
wanned to room tenq>. and stirred for 18 h. EtOAc was added and the mixture was filtered 
washing the solid with EtOAc. H2O was added to the filtrate and the organic phase was 
separated, dried (Na2S04), and ccmcentrated. The mixture was ev29)orated to near dryness 
30 and filtered washing with 1:1 EtOAc/ to afEord the title conqjound as pale yellow crystals. 
*H NMR (Caxaj): 5 8.33 (d, IH), 7.81 (s. IH). 7.43 (q, 2H), 7.12 (t, 2H), 6.78 (d. IH), 
4.74 (m. IH), 4.00 (s, 4H), 2.59 (s, 3H), 2.18 (dd, 2H), 2.04 (dq, 2H), 1.89 (dd, 2H), 1.70 
(dt,2H). 

h) U4>Etfavlene ketal cvclohexvn 1-4-r4-fluQm phenv»VS-rr2- 
35 niethvlsulfoxv>pvrimidin^yl]^nfj4am?lfr 

To a solution of the compound fiom the previous step (0.20 g. .48 mmol) in THF (2 mL) 
and MeOH (1 mL) at OX was »ided oxone monopersulfate (0.36 g, .56 mmol) dissolved in 
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H2O (2 mL). The mixture was stined for ^ b. then poured into 10% NaOH and extracted 
withEtOAc. The ozganic phase was dned(Na2S04) and concentrated. The resulting 
residue was triturated with EX2O and filtered affording the title compound as a white solid 
(0.089 g. 45% yield) 'H NMR (CHX^a): 5 8.36 (d, IH). 7.82 (s. IH). 7.42 (q. 2H), 7.02 (t. 
5 2H). 6.79 (d. IH). 4.80 (m. IH). 4.00 (s. 3H). 2.20 (m. 2H). 2.06 (m. 3H), 1.89 (m. 2H), 
1.70 (m,5H). 

i) H4-Ethvlene ketal CVClohexvlV4-f4-finomph e nvlV5-rf2-Tni>thoTvV>rimiHi«.^ 

yniTnii^wiftlf 

Sodium methoxide (5. 17 naL, 22.6 mmoi, 25 wt. % in MeOH) was added to dry THF (33 
10 mL) followed by the conqKMmd finom the previous example (5 g, 1 1 .3 mmol). The mixture 
was stiired at rorantra^) 2 h.th«ili^aed WithEtOAc and dihited with H2O. Theorganic 
phase was dried (Na2S04) and ooncmtrated. the restdoe was purified by flash 
chromatography (silica gel, 5% MeOH/CH2a2). The resuhmg residue was triturated with 
EtOAc/bexane(l:l) to give the title cou^Knmd as a white solid (3.57 g. 77% yield) 
15 NMR (CDQa): 5 834 (d. IH). 7.81 (s. IH). 7.40 (q. 2H). 7.00 (t. 2H), 6.78 (d. IH). 4.79 

(m. IH). 4.05 (s. 3H). 3.99 (s. 4H). 2.17 (m. 2H), 2.05 (s. 2H). 1.90 (m. 2H). 1.69 (dt, 2H). 
j) H4-OXPCVCtohcXVl)^4-fluorOPhenvlVS-ra-inetho«vYpvrimirii«-^vra^ 
A mixture of the conqxNmd from the fwevious step (10.73 g, 26.23 mmol) in 3N HCl (150 
mL) was stined 36 h. then neutralized with saturated aqueous Na2C03 and filtered. The 

20 solid was washed with water and the aqueous mixture was extracted WithEtOAc. The 
organic phase was dried (N^S04) and concentrated giving the title con^wund as white 
crystals, mp 212 -214*0. 

Hxamplft 7 

Wro-l-f4-HYdroxvcvclQhcxvI>-4-(4-fluoroi>henviV5-rf2-meihn» ^ y^ 
25 yniw'rfayffhr 

To a solution of tte cortqxnmd in exaiiq>le l(j) (0.099 g. .27 mmol) in MeOH/THF (1 mL. 
1:1) was added NaBH4 solution [1 mL, IM sohi. made 1^ annbining .10 g, NaBH4, MeOH 
(2J mL), and 25% NaOMe in MeOH (0.2 mL)]. After stirring 10 min., the mixture was 
quenched with sat ura ted Na2CX>3 and the solvent was evaporated. The residue was 
30 recrystalized from MeOWBfi to afford die title corrqKxmd as white needles (0.063 g, 63% 
yield), mp 188 - 190*C. 

Example 3 

H4-QXQCYClohexvlV4-(4-fluoroDhenvn-5-fr2-nieth vlthio^pvrimidin^-yn 
Following the procedure of exanq>le l(j) except using the compound in exan^le 1(f) 
35 afforded the title compound as white crystals, mp 201 - TOS'C 
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ftwy^-H4-]Hy(iro?argyctohe?ylH-^4-fl^ 

imidazole 

F Uowing the procedure of exanq)Ie 2 except using the compound in example 3 afforded 
S the title compound as white ciystais. mp 194 - 196^C 

fogmpte? 

l-f4^0xocvclQhexvlV4-r4-fluorophenvlWS-rr2-hvdmicvYvp"ii^ ^Fli^^lT^lf 
a) K4-Ethvlcnc ketal cvclohexvlV4-(4->fluorophenvlV5-r f2>hvdroxv^pyri^ 
10 imidssQte 

Following the procedure of exanq>le 1(h) excq>t omitting the MeOH and letting the mixtuie 
wann to room temp, and filtering the insoluble product afiforded the title compound as a white 
solid. 'HNMR (COaj): 8 8-03 (dd, IH). 7.69 (d, IH). 7.35 (m, 2H), 6.88 (dt, 2HX 6.17 (dd. 
IHX 4.35 (m, IH), 3.90 (m. 4H), 2.06 - 1.85 (m. 4H). 1.75 (d. 2H). 1.56 (dt, 2H). 
15 b) H4-OxocvclohexvlV4-(4-fluoroDhcnvlV54f2>hvdmxv>pvrimi^ imidamle 
Following the procedure of exanq>le except using the compound from the previous step 
afforded the title compound as a white solid, mp 236 - 238''C. 

Example 6 

20 H4-OxocvclohexvlW4>nuoroDbcnvlVS-r(2-isoprQpoxv^v^ 

a) H4-Stt i ykre M CTcl9hCTylH-(4-flpprwbwl)-?-rf2-tf^^ 
ylliiimdMote 

A mixture of sodium metal (0.161 g, .7 mmol) and isopropanol (30 mL) was stined with 
gentle heat until the sodium metal dissolved. Added was a suq>ension of H4-etlvlene 

25 toal cyctohexyl)^4-fluorophenyI>-5-[(2-methylsulfoxy)pyriniidin-^ 

prepared in exa^^>Ie 1(h) (0.3 g, .7 mmol) in isopropanol (10 mL) and the mixture was 
stined 2 b. at 90''C. The mixnire was cooled and diluted with H2O and extracted with 
EtOAc. The organic phase was dried (Na2S04) and concentrated. Crystallization firom 
E1OH/H2O afforded the tide compound (0.15 g, 49% yield). "HNMR(CDCb): 5 8.35 (d, 

30 IH), 7.81 (s. Ih). 7.43 (q, 2H), 7,01 (t, 2HX 6.73 (d, IH), 5.30 (m. IH). 4.77 (m, IH), 3.99 
(s, 4H), 2.16 (m, 2H), 2.05 (dq, 2H), 1.90 (d, 2H), 1.68 (dt, 2H). 1.45 (d, 6H). 

b) H4-QxPCVCtohexvlM-f4-fluoroDbenvlV5>rf2-isopiTipQx^^ ^ 

Yinim4iaQ]ic 

FoDowing the procedure of exanq>le l(j) except using the compound from the previous step 
35 afforded the title compound as white crystals, mp 161 - 163X. 



pj^ynplfi 7 
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l-(4-HY<iroXVCVCl0hexvlM-f4-fluomphftnylV; S-r(2-isnp rnpft xv^pvrimiHin-^^^ 

FnUowiiig the procedure of example 2 except using the compound in example 6(b) afforded 
the title cmqxNind. mp208-211'*C. 

cwfry»^H4-HvdiX)xv-4-inethvlcvclohexv^ 
pviimidin-4-vnimiH«7oly 

A suspension of the compound of example (.25 g. .68 mmol) in dry THF (5 mL) 
was cooled to -78'C. Methylmagnesium bromide (3 mL, 9 mmol, 3M in Et20) was 

10 added and reaction graduaUy wanned to 0»C over 2 h. The reaction was quenched with 
H2O and extracted with EtOAc. The organic phase was dried (Na2S04) and 

concentrated. The residue was purified by flash chromatognqdiy (Silica gel, 5% 
MeOH/CH2a2). The resulting residue was triturated with EtOAc^ane( 1:1) to yield 
the title compound as a white soUd (.06 g. 23% yield), mp 170 - 180X. 

15 

Rxampln 9 

my-l-f4-HvdroxVCVClQhexvlV4-^4-fluomnhenvl^S. f f2-etfanTy^|^ 

a) H4-OxQCVClohexvlV4-f4-fiiioronhenvl^-^rr 2-etho«vYvrim{Hin^ 
20 Ynimi<Ja7fflff 

To a suspension of NaH (36 g, 9 mmol) in dry THF (9mmol) was added dropwise 
ediand ( 2 mL). When gas evoluticui ceased, l-(4-ethylaie ketal cyclohexyl)-4-(4- 
fluoiophenyl)-5-[(2-methylsulfoxy)pyrimidin-4-yll imidazole fiom example l(i) (1.3 g, 
2.9 mmol) was added and the mixture was stirred 4 h. The mixture was poured into H2O 
25 and extracted widiEtOAc. The organic phase was dried (Na2S04) and concentrated to 
give the title compound as a yeUow solid (1.20g, 98% yield). lHNMR(CDa3): 5 
8.32 (d. IH). 7.80 (s. IH). 7.40 (q. 2H). 7.00 (t, 2H), 6.75 (d. IH), 4.76 (m, IH), 4.45 (q, 
2H). 4.00 (s, 4H). 2.17 (m, 2H). 2.03 (dq, 2H). L88 (dd. 2H). 1.76 (dt, 2H), 1.48 (t. 3H). 

b) H4-0xqCYClQheXVl)-4-^4-fllloroDhmvlV5-rf7w . thoxv>iwrimidi^^ 

30 '"fdariftlf 

The title compound was pnpaied by following the procedure of example l(j) except 
using the compound from the previous step as a solid. lHNMR(CDa3): 68.36 
(d, IH), 7.78 (s. IH), 7.43 (q. 2H). 7.03 (t, 2H). 6.79 (d. IH), 5.30 (m, IH), 4.49 (q, 
IH). 4.09 (q. IH), 2 J5 (m, 6H). 2. 10 (m. 2H), 1 .50 (t, 3H). 
35 c) fronJ-l-r4-HvdroxvcvclohexvlV4^4-fliin rophenvn-5>-fr7. 
ethoxvtevrimidin<s4-vnifpi^;,y^^y 
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fiVl>(4-HvdroxvcvclohexvlV444-fluofOPhenvlV5>rf^^^ 

To a solution of the con^und in exanq)le 2(1 .0g.»2.7nimol.)« in THF was 
5 added triphenyl phosphine(0.82 12 mmoL) and the solution was stined for 1 S 
min. Benzoic acid (0.43g., 3.53 nunol.) and diisopropylazo caiboxylate (0.66g., 3.26 
mmoL) were added. The solution was stined for 24h. and the solvent was removed 
in vacuo. The benzoate was isolated by flash chromatogrs^hy and was dissolved in 
THF. Saponification with aq. IM LiOH (4.6niL.) followed by chromatography 
10 yielded white solid (0.6g. 60%), which was crystallized firom aq. EtOH. (m. p. 145- 
1470C). 

EKwnptell 

fraM-W4-HvdroxvcvclohexvlV4-^4-fluorophenvlV5>rra^ 
IS yllimidazole 

a) Synthesis of 2-thiopropyl-4-dimethoxyniethylpyrimidine 

Charge a 1 L 3-necked flask equipped with a stir bar, thermometer, 100 nol^ 
addition funnel and reflux condensor with N J^-dimethylformamide dimethyl acetal 
(88.7 g, 98.9 mL, 700 nunol) and pyruvaldehyde dimethyl acetal (85 J g, 86.8 mL, 

20 700 mmol) and heat in an oil bath at 1 10 ""C for 3-4 h. Cool the solution to 85 ^'C 
and add thiourea (48.9 g. 636.4 mmol) and NaOMe (25 wt % in MeOH, 151.2 g, 160 
mU 700 mmol) and stir at 85 ''C for 3-4 h. Cool the solution U> 65 ""C and charge 1- 
bromoropane (86.9 g, 64.4 mL» 700 mmol) to the addition funnel and add slowly 
over 10-15 min to the reaction, bringing the solution to a mild reflux. After 1 h, add 

25 1 00 mL of EtOAC to the reaction and bring the oil bath tenq>erature to 95 X. 
Replace the reflux condensor with a distillation head and distill 150-200 mL of 
solvent firom the reaction. Add an additional 400 mL of EtOAc and 120 mL of HjO 
and stir at 50 ^C for 5 min. Transfer to a separatory funnel and separate the aqueous 
phase. Add60mLofH2O, agitate, and separate the aqueous phase. Assay ttie 

30 EtOAc solution to determine the yield of titb compound. 

Alternatively, 1-Bromopropane can be replace with any alkyl halide and the 
all^lation occurs at OX to 100 ^C. 

b) rnmj-l-(4-HvdroxvcvclohexvlV4-(4-fluorophenvlV5-rr2- 
35 vnimidazole 

To a solution of the product of part (a) above, (58.3 g, 255.6 nunol) dissolved 
in 250 mL of EtOAc was added 21 3 mL (638 nunol) of 3N HCl and the resulting 
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To a solution of the product of part (a) above, (58.3 g, 255.6 mmol) dissolved in 
250 mL of EtOAc was added 213 mL (638 mmol) of 3N HQ and the resulting 
solutkm was heated at 55 "C for 2-3 h, until HPLC radicated the disappear f 
starting material The solutim was cooled to room teiiq)aatuie, diluted with 200 
5 mL of EtOAc and brought to pH 6-7 with 132 mL of 50% NaOH solution. Hie 
solution was further neutraUzed by the addition of 20 g of solid NaHCO,. The 
mixture was transferred to a separatoty fimnel where die lower, aqueous layw was 
removed. The organic layer was transfened to a IL round bottcmed flask and 
concentrated to about 100 mL total volume under vacuum on a rotary evs^iator. 

10 The residue was dissolved in 175 mL of aceu>nitri]e and tran&-4-aniinocycloiiexanol 
(25.02 g, 217 mmol) was added. The resulting solution was stirred at room 
tnnpaature for about 20 min, at which point HPLC indicated that all of die 
aldehyde formed above was consumed The solution was concentrated on a rotary 
ev^xnator to about 130 mL tcttal vohune and the residue was dUuted in 205 mL of 

15 DMF. The tosylisonitrile of Example 1(b) above, (48.0 g, 166.1 mmol) and K,C», 
(26 J g, 191.7 mmol) were added and die resulting soluticxi was stirred at 35 "C fiir 
2.5 b. at which point HPLC mdicated no more imine was present Hie solution was 
cooled to room temperature and diluted with 400 niL of TBME and 250 mL of lift 
and transferred to a separatoty fimnel. The mixture was shaken, setded and the 

20 lower aqueous layer was removed. The aqueous layer was extracted a second time 
witfi 300 mL of TBME and die two TBME layers were ccmibined and washed widi 
200 mL of H20. The mganic layer was collected and concentrated to about 300 mL 
total v«dume. About 80 mL of hexanes was added and die pioduct crystallized from 
solution ova: the next 3-4 h. The product was filtered duough a Buchner funnel and 

25 dried in a vacuum oven at 60 "C to give 44 g (64% yield) of die tide compound. 

C) PWtf-H4-HYdrPXYCYCtohexvlV4-f4-fliionmhenvn-5-fr2- i ^ 

y^1fl1T?i^f!l7iftlC 

The product of step (b) above, (10.8 g, 26.2 mmol) was dissolved in 43 mL of 
30 MeOH and Oxone™ (12.1 g, 19.6 mmol) was added and die resulting suspension 
was stirred at room temperature for 4-24 h. After HPLC confirmed tiiat no starting 
material remained, die remaining Qxone™ salts were removed by filtration of the 
suspension dirough a Buchner funnel. A NaOMe/MeOH solution (25%, 16 mL) 
was added tt> die solution until die pH was about 12. After 20 min. HPLC 
35 cmifiimed that die reactim was comidete and 100 mLofwatn was added to the 
reaction. The resulting solution was stirred at room temperatiue fiir 3 h, then 
filtered dirougji a Buchner funnd and rinsed widi 50 mL of water. Thepale white 
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solid was dried in the vacuum oven at 65 ""C for 18 h to yield 6.0 h (62% yield) of 
title compound 

All publications* including but not limited to patents and patent applications, 
S cited in this specification aie herein incorpcH^d by reference as if each individual 
publication were specifically and individually indicated to be incorporated by reference 
herein as thcnigh fiilly set forth. 

The above description fully discloses the invention including preferred 
10 embodiments thereof • Modifications and improvenients of the embodiments specifically 
disclosed herein arc within the scope of the following claims. Without further elaboration, 
it is believed that one skilled in the are can, using Oe preceding description, utilize the 
inesent invention to its fullest extent Therrfore the Examples herein are to be construed as 
merely iUustcadve and not a limitation of the scope of the present invention in any way. 
1 5 The embodiments of the invention in which an exclusive property or privilege is claimed 
are defined as follows. 
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WhatisChuiiiedls: 



1. A con^iind of the Framula 



5 




wherein 

Rl is 4-pyridyl. pyrimidinyl. quinolyl, isoquinolinyl. quinazolin-4-yI. l-imidazolyl or 

l-benzimidazolyl, which ring is substituted with a Cm alkoxy or a C1-4 alkylthio 

groi^. and is additionaUy optionaUy substituted independently by Ci^ alkyl. halogen. 

10 hydioxyl. Ci-* alkoxy. Ci^ alkylthio, Ci^ alkylsulfinyl, CH2OR12, amino, mono 

and di- Ci-6 alkyl substituted amino. N(Rio)C(0)Rc or an N-heterocyclyl ring which 

ring has fiom 5 to 7 mnnbeis and optiraially contains an additi(mal heteroatom selected 
finom oxygen, sulfur or NRis; 

R4 is phntyl. n^bth-l-yl or naidith-2-yl. or a heteroaiyl, wbich is aptiimally substituted by 

15 one or two substituents. each of whidi is independently selected, and which. f(x^ a 4- 
phenyl, 4-n^tb-l-yl. S-naphth-2-yl or 6-naphth-2-yl substituent, is halogen, cyano. 
nitro. -C(Z)NR7Rl7. -C(Z)ORi6, -(CRioR20)vCORi2, -SR5. -SOR5. -OR12. halo- 
substituted-CM alkyl. Cm alkyl, -ZC(Z)Ri2, -NRioC(Z)Ri6. or - 
(CRioR20)vNRlOR20 and which, for other positions of substitution, is halogen, cyano. 

20 -C(Z)NRi3Ri4, -C(Z)OR3, -(CRioR20)m"COR3. •S(0)mR3. -OR3, halo-substitutcd- 
Cm alkyl, -Cm alkyl. -(CRloR20)m"NRioC(Z)R3, -NRioS(0)in'R8. - 
NRl0S(O)ni'NR7Rl7. -ZC(Z)R3 or -(CRioR20)m"NRi3Ri4; 

V is 0, an int^o- having a value of 1 or 2; 
m is 0. or the intego' 1 or 2; 
25 m'isaniotegerbaviQgavalueof 1 or2, 

m" is 0, or an integer having a value of 1 to 5; 

Rc is hydrogen, Ci-6 allqrl, C3.7 cycloalkyl, aiyl, arylCi^ alkyl, heteroaiyl, 
heten>ary]Ci.4alkyl, heterocydyl, or het«ocyclylCi.4alkyl Cm alkyl 
R2 is an optionally substituted C3-7 cycloalliyl, or C3.7cycloaIkylCl.lO all^l; 
30 R3 is heterocydyl. heterocyclylCi.io alkyl or Rg; 

R5 is hydrogen. Cm alkyl, C2-4 alkenyl, C2.4 alkynyl or NR7R17. excluding the moieties 

-SR5 being -SNR7R17 and -SOR5 being -SOH; 
R7 and Ri7 is each indq)endently selected fiom I^drogen or Cm alkyl or R7 and R17 
together with the nitrogen to which they are attadied f<wm a heterocyclic ring of 5 to 7 
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memibeis which ring ptionally contains an additional heteroatom selected from 

oxygen, sulfur or NRis; 
Rg is Cuo alkyl. halo-substituted Ci-io allcyl. Ci-lO alkenyU C2-10 alkynyl, C3-7 

cycloall^l, C5.7 cycloalkenyl, aryi, aiylCj.io alkyl, heteroaiyl, heteroarylCi-io alkyl, 
5 (CRioR20)nORl 1, (CRioR20)nS(0)mRl8. (CRl0R20)nNHS(O)2Rl8. 

(CRioR20)nNRl3Rl4; wherein the aryl» aiylalkyl, beteioaiyl, heteroaiyl alkyl may be 

optionally substituted; 
n is an integer having a value of 1 to 10; 

R9 is hydn^n, -C(Z)Ri 1 or optionally substituted Ci-io alkyL S(0)2Rl8, optionaUy 
10 substituted aiyl or optionally substituted arylOi-4 alkyl; 

RlO and R20 is each indepcaidently sdected from hydrogen or Ci^ alkyl; 
Rl 1 is hydrogen, or Rig; 
R12 is hydrogen or R16; 

Rl3 and R14 is each indq)endmtly selected from hydrogen or optionally substituted Cm 
IS all^l, (ptionally substituted aiyl or c^onally substituted aiyl-Ci^ alkyl, or togeOer 
with the nitrogen which they are attached form a hetmcyclic ring of S to 7 members 
which ling oj^onally contains an additional heteroatom selected from oxygen, sulfur or 
NR9; 

Rl5 is hydrogen. Cm all^lwCCZK:!^ alkyl; 
20 R16 is Cm alkylt halo-substituted-CM alkyl. or C3.7 cycloalkyl; 

RI8 is Ci-io alkyl, C3.7 cydoalkyl, heterocydyl, aryl, arylCi-io alkyl, heterocyclyl, 

beterocyclyl-Ci-iQalkyl, heteroaryl or heteroarylalkyl; and 
Z is OJ^gen or sulfur, 

or apharmaceutically acceptable salt thereof. 

25 

2. The compound according to Qaim 1 wherein Ri is a substituted 4-pyridyl or 4- 
pyrimindyl. 

3. The compound acccHding to Qaim 2 wherein the substituent is Cj^ alkoxy. 

30 

4. The confound according to Claim 2 wherein R4 is an optionally substituted phenyl. 

5. The conqjound according to Claim 4 wherein die phenyl is substituted one or more 
times independently by halogen,-SRs, -S(0)R5, -OR12, halo-substituted-CM alkyl, or 

35 CMalkyL 



-59- 



wo 97/25048 PCr/US97/00619 

6. Thecosqxiundacc iding to Claim 1 wherein R2 is selected from opdonally 
substituted C4 to Cgc^cloalkyl. 

7. ThecompouiKlaccoidingtoClaiin 1 wherein R2 is selected from optiomdly 
5 substituted C4 or C6 cycloall^lCM alkyl. 

8. The compound according to Claim 6 or 7 wherein the cycloallcyl ring may 
substituted one to three times independently by halogen; hydroxy; Cj.io alkoxy; 
S(O)mCi-i0alkyl, wherein m is 0, 1. or 2; amino; cyano, nitro; NR7R17 group; Ci-io 

10 alkyl; substituted aliqfl wherein the substituents are selected from nitro 
cyano, NR7R17. S(0)m C 1^ alkyl, C(0)ORi 1; - 0-(CH2)sO-, and s is 1 to 3; -C(b)H; * 
=0; =N-ORi 1; -N(RioH)H; - N(0Rb)-C(0)-R6; optionally substituted aiyl; or optionaUy 
substituted aiylalkyl; N(Ri0)C(O)Xi; C(0)ORii;optionany substituted alkylene; or 
optionally substimted Ci-ioalkynyl; 

15 whendn Rb is hydrogen, a phaimaceutically acceptable cation, aroyl or a Ci-io 

alkanoyl group; 

R6 is NR19R21 f 1.6» halosubstimted alkyl 1^; hydroxy substituted alkyl 1^; 
alkcnyl 2-6; aryl or heteroaryl optionally substituted by halogen, alkyl i_6^ halosubstituted 
alkyl 1^ hydroxyl, or alkoxy 1^ 
20 Ri9 is H or alkyl 1-6; and 

R21 is H, alkyli_5, aryl, benzyl, heteroaryl, alkyl substimted by halogen or 

hydroxyl, or phenyl substituted by a member selected fmm die group consisting of halo, 
cyano, allgrli.12* aDcoxy j^, halosubstituted all^li^ alkylthio, alkylsulphonyl, or 
alkylsulfinyl; or R19 and R21 may together witti the nitrogen to whidi they are attached 
25 form a ring having 5 to 7 membm, which members may be optionally replaced by a 
heteroatom selected from oxygen, suUur or nitrogen; and 

Xi is Ci-4 alkyl, aiyl or arylCi-4alkyl; N(Ri0)C(O) aryl. 

9. The compound according to Claim 8 wherem the optional substitutents are hydroxy, 
30 aryl, arylalkyl, alkyl, alkynyl, NR7Rl7, NR7R17 Ci^ alkyl, =0, =NORii, -NH(OH), - 

N(0H)-C(0)-NH2, cyanoalkyl, nittoalkyl, or -<>(CH2)20-. 

10. The conqwund according to Claim 1 which is: 

H4-Qxocyclohexyl>4K4-fluorophcnyl)-5-[(2-medioxy)pyrimidm 
35 ftw-5-[4-(2-Methoxy)i^rimidinyU-4-(4-fluoroph^ 
imidazole; 
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c«-5-I(2-Methoxy)pyiiimdin-4-yl]- 4-(4.nuarophenyl).H4-liydioxycyclohexyl)- 
imidazole; 

5-I4-(2-Methylthio)pyiimidinyI]-4-(4.flii^ hcxyDimidazolc; 
iraw-l-(4-Hydroxyqrclohexyl)-4-(4-fluoioplM^ 
imidazole; 

l-(4-Oxocyclohexyl)-4-(4-fluorophenyl>5-[(2-hydroxy)pyrim imidazole; 

H4-QxocyclQhexylH-(4-fluQrophenyl)-5-[(2-isopn)poxy)p 

l-(4«Hydroxycyclohcxyl)-4^4-fluorophcnyl)-5-t(2-isop^^ 

ds -H4-Hydn>xy^mcthylcyclohexyl)-4K4-fluoiophenyl)-5-[(2-mc 
pyniiiidih-4*yl]imidazole; 

iniM-H4-Hydioxy-4-metliylcyclohexyI)-4-(4-fluoi^ 

pyriiiudiii-4-yl]imidazole; 
iwiii5-l-(4-Hydroxycycloliexyl)^4-fluoropheny^^^^^ 

yljimidazoie; 
ora phannaceutically acceptable salt thereof. 

11. A pharmaceutical composition comprising a compound according to any of Qaims 
1 to 10 and a pharmaceutically accqytable carrier or diluent 

12. The compound which is: 

cis -l-(4-Hydroxycyclohcxyl)-4K4-£Iuarophcnyl)-5.[(2-n^ 
yllimidazole; 

iraRj-H4-Hydroxycyclohexyl)-4K4-fluoiDphenyI)-S*K^^ 
yI]imidazole; 

cis •K4-Hydroxy-4-methylcyclohcxyl)-4-(4-fluorophcnyI)-5-I(2-^^ 
pyrimidin-4-yI]imidazole; 

iran5-H4-Hydroxy-4-m^ylcyclohexylH-(4-fluor^^ 

pyrimidin*4-yl]imidazole; 
or a phannaceutically acceptable salt thereof . 

A p h a mi acca it ical compositicm comprising a pharmaceutically acceptable cairi^ or 
diluent and a conqxmnd which is 

cis •H4-Hydroxy(yclohexyI)-4K4-fluoiophenyl)-5-[(2-n^ 
yljimidazoie; 

<MM.H4-Hydn>xycyclohcxyIHK4-fluorophenyl)-5-[(^^ 
yllimidazole; 
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CI5 "H4-Hydroxy-4-methylcyclohexyl)-4-(4-fluon>phenyl)-5-[(2-mcthoxy) 

pyriinidin-4-yl]imidazole; 
/raH5-H4-Hydix)xy-4-methylcycIohexylH-(4-nuorophcnyI)-^ 
pyrimidin-4-yl]iinidazole; 
S or a phannaceutically acceptable salt thereof. 

14. A method of treating a cytokine mediated disease, in a mammal in need thereof, 
which comprises administering to said mammal an effective amount of a compound of 
Formula (I) according to any of Claims 1 to 13. 

10 

15. The method according to claim 14 wherein the nuunmal is afHicted with a cytokine 
mediated disease selected from psoriatic arthritis, Reiter's syndrome^ rheumatoid arthritis, 
gout, traumatic arthritis, rubella arthritis and acute synovitis, rtieumaloid arthritis, 
rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic condition* sepsis, 

1 S septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome* Alzheimer's 
disease, stroke, neurotrauma, asthma, adult respiratory distress syndrome, cerebral malaria, 
chronic pulmonary Infianunatory disease, silicosis, pulmonary sarcososis, bone resorption 
disease* osteoporosis, restenosis, cardiac and renal reperfusion injury, thrombosis^ 
glomerularonepbritis, diabetes* graft vs. host reaction, allograft rejection, inflammatory 

20 bowel disease, Crohn's disease, ulcerative colitis, multiple sclerosis, muscle degeneration , 
eczema, contact dermititis, psoriasis, sunburn, and conjunctivitis. 

16. The method according to Claim 14 wherem the cytokine mediated disease state is 
asthma, osteoporosis or arthritis. 

25 

17. A method of treating inflarrmiation in a mammal in need thoreof, which comprises 
administering to said mammal an effective amount of a compound of Formula (I) according 
to any of Claims 1 to 13. 

30 18. A method of treating osteoporosis in a mammal in need thereof, which comprises 
administering to said manunal an effective amount of a compound of Formula (I) according 
to any of Claims 1 to 13. 

19. A method of treating a CSBP/RK/^38 kinase mediated disease* in a mammal in 
35 need thereof, which comprises administering to said mamnml an effective amount of a 
compound of Formula (I) according to any of Claims 1 to 13. 
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20. The method according to claim 19 wherein the mammal is afflicted with a 
CSBP/RK/p38 kinase mediated disease which is psoriatic arthritis, Reiter's syndrome, 
rheumatoid arthritis* gout, gouty arthritis, traumatic arthritis, rubella arthritis and acute 
synovitis, rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and 

S other arthritic condition, sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic 
shock syndrome, Alzheimer's disease, stroke, neurotrauma, asthma, adult respiratory 
distress syndrome, cerebral malaria, chronic pulmonary inflanunatory disease, silicosis, 
pulmonary sarcososis, bone resorption disease, osteoporosis, restenosis, cardiac and renal 
reperfusion injury, thrombosis, glomerularonephritis, diabetes, graft vs. host reaction, 

10 allograft rejection, inflammatory bowel disease, Crohn's disease, ulcerative colitis, multiple 
sclerosis, muscle degraeration , eczema, contact dermititis, psoriasis, sunburn, and 
conjunctivitis. 

21 . A process for preparing a conqxmnd of Formula (I) as defined in Qaim 1 which 
IS con^rises reacting a conq)Oimd of the Formula (II) : 

Ar-S(0)p 




with a compound of the Formula (ID): 




wber&in p is 0 or 2; and a base strong enough to deprotonate the isonitrile moiety of 
Formula (II); 

and R^, R2 aiKl R4 are as defined in Claim 1 or arc precursors of the groups Rj, R2 and R4 

25 and Ar is an optionally substituted phenyl group, and thereafter if necessary, converting a 
precursor of R^, R2 and R4 to a group Rj, R2 and R4. 

22. The process according to Claim 21 wherein the reaction, when p=0, utilizes TBD as 
abase. 

30 
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23. The process according to Claim 21 wherein the reaction, when p=2, the base is an 
amine, a caibonates, a hydride, or an alkyi or aryl lithium reagent. 

24. The pticess according to Oaim 21 wherein the imine of Formula (DI), is isolated 
S prior to reaction with Formula (II). 

25. The process according to Claim 21 whmin the imine of Formula (EI), is formed in 
situ prior to reaction with Fcmnula (U). 

10 26. The process according to Claim 25 wherein the imine is formed in situ by reacting 
an aldehyde of the fonnulaR4CHO, wherein R4 is as dcfmed for Rmnula (1). with a 
primary amine of the fomittla R2NH2. wherein R2 is as defmed for Formula (I). 

27. The process according to Claim 26 wherein formation of the imine in situ utilizes 
1 5 dehydrating conditions. 

28. The process according to Claim 27 wherein the solvent is N J^-dimethyl-formamide 
(DMF), halogenated solvents, tetrahydrofuran (THF). dimethylsulfoxide (DMSO). 
alcohols, benzene, or toluene, or DME. 

20 

29 . The process according to Oaim 25 wherein the aldehyde RiCHO is a pyrimidine 
aldehyde of the formula: 



25 X is C ] ^ alkoxy or C all^l fhio, and Xi is defmed as the optional substiturat group on 
the R 1 moiety in Formula (I) according to Claim 1 , to yield a compound of Formula (I) or a 
pharmaceuticaUy acceptable salt thereof. 

30. The process according to Claun 25 wherein the primary amine R2NH2 is a 
30 cycloalkyl amine, C3.7 cycloalkyl Ci-ioallqrl amine, all of which may be optionally 

substituted 

31. The process according to Qaim 29 wherein R2 moiety of the R2 is 4- 
bydroxycyclohexyl, 4-ketocyclohexyl, 4-oxiranylcyclohexyl. 4*methyl-4-hydroxy 




X 



wherein 
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cyclohexyl, 4-isopropyl-4-hydn>xy cydobexyl. 4-pynoliiiindyl-cycl hexyl, 4-inethyl-4- 
aminoc^clcAejgrl, 4-inethyl-4-acetamidocycloh«9l. 4-iriienyl-4-hydroxy cyclohexyl. 4- 
beiizyl-4-liydroxy cyclohexyl. l-piopenyl-4-hydroxy. 4-hydroxy-4-aiiiino-cyclohexyl, 4- 
aiiimoiiiethyl-4-hydioxy cyclohexyl or 4-<l,3-dioxycycIopentyl) cyclohexyl. 

32. The method accoidmg to Claim 21 wherein the con^und is: 
l-(4<)xocyclohexyl)-4-(4-fluorophMyI)r5-[(2-methoxy)pyrimidin-4-yl]imidazole; 
«rflfw-5-[4-(2-Medioxy)pyrimidtoyI]-H4-fluoroirfienyl)-l-(4-hydroxycy^ 
imidazole; 

c^^-5-[(2-Methoxy)pyIimidin-4-yl^4-(4-fluorophenyl)-l-(4-hydrox 
imidazole; 

5-[4K2-Methylthio)pyrimidinyl]-4-(4-fluorophenyl)-l-(4^^ 

m»w-H4-Hydnixycydohexyl)-4-(4-fliK>rophenyl>5-[(2-methyltWo)^ 
imidazole; 

H4-OxocyclohexyI)-4-(4-fluorophcnyI).5-[(2-hydioxy)pyrim^ 
l-{4-Oxocyclohexyl)-4-(4-fluorophenyl)-5-((2-ii»imjpoxy)iq^ 
l-(4-HydroxycyclohexyI)^4-fluorophenyl)-5-[(2-isopn>poxy)pyrimidin-4-yl]imi^ 
cis -l-(4-Hydioxy-4-methylcycIohexylH-(4-nuorophenyl)-5-[(2-methoxy) 
pyiimidin-4-yl]imidazole; 

l«m5-lK4-Hydroxy-4-methyicyclohexyl)-4-{4-fluorophenyl)-5-K2-methoxy^ 
pyrimidin-4-y]]imidazole; 

m»w-H4-Hydnixycydohexyl)-4-(4-fluorophenyl)-5-[(2-<thoxy)pyr^^ 
yljimidazole; 

or a phannaceutically accqitable salt thereof. 

33. The method according to Claim 32 wherein the compound is: 

cw-H4-Hydroxycyclohexyl)-4-(4-fluorophenyl)-5-[(2-methoxy)pyrimidin-4- 
yl)imidazole; 

lrm*-l-(4-Hydroxycyclohexyl)-4K4-fluorophenyl)-5-[(2-methoxy)pyrimidin^ 
yljimidazfde; 

cis -l-(4-Hydioxy-4-methylcyclohexy!)-H4-fluorophenyl)-5-[(2-methoxy) 
pyrimidin-4-yI]imidazole; 

lfmi-l-(4-Hydroxy-4-methyIcyclohexyl)-4-(4-fluorophenyl)-5-((2-methoxy) 

P3nimidin-4-yl]imtdazole; 
or a phannaceutically accqitable salt thereof. 
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34. A method of inhibiting the synthesis of prostaglandin endoperoxide synthase-2 
(PGHS-2) in a m a mm al in need thereof, which comprises administering to said mammal 
effective amount of a compound of Fcvmula (I) according to Claim 1. 

35. The method according to Qaim 34 wherem inhibition of PGHS-2 is used in the 
prophylaxis or therapeutic treatment of edema, fever, algesia, neuromuscular pain, 
headache, canc^ pain, or arthritic paiiL 
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